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(54) MAGNETIC RECORDING MEDIUM, MAGNETIC POWDER USED FOR THE SAME AND METHOD 
FOR MANUFACTURING THE MAGNETIC POWDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a coating type magnetic recording medium of a thin layer region, having 
excellent magnetic characteristics which can not be obtained hitherto by using a novel magnetic powder which 
is completely different from a conventional acicular magnetic powder. 

SOLUTION: The magnetic recording medium has a magnetic layer containing the magnetic powder and a 
bonding agent on a non magnetic substrate and the magnetic powder has 5-200 nm particle size and consists of 
rare earth elements and transition metal elements consisting essentially of iron. 
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[Claim(s)] 

[Claim l] The magnetic-recording medium characterized by being the magnetic-recording medium which has 
the magnetic layer which contains magnetic powder and a binder on a nonmagnetic base material, and for said 
magnetic powder consisting of the range of 5-200nm grain size, and consisting of a transition-metals element 
which makes rare earth elements and iron a subject. 

[Claim 2] The magnetic-recording medium according to claim 1 by which the content of the rare earth elements 
in magnetic powder is characterized by being 0.2 to 20 atom % to a transition-metals element. 
[Claim 3] The magnetic-recording medium according to claim 1 characterized by containing at least one sort of 
elements chosen from samarium, neodium, and an yttrium as rare earth elements in magnetic powder. 
[Claim 4] The magnetic-recording medium according to claim 1 by which the transition metals in magnetic 
powder are characterized by making iron and cobalt into a subject. 

[Claim 5] The magnetic -recording medium according to claim 4 characterized by for the content of iron and 
cobalt expressing with the atomic ratio of cobalt opposite iron, and being in the range of 3 / 97 - 40/60. 
[Claim 6] It is the magnetic-recording medium according to claim 1 characterized by for the core part of 
magnetic powder being metal iron or an iron alloy, and rare earth elements existing in the outer layer part of 
magnetic powder actively. 

[Claim 7] The magnetic recording medium according to claim 1 which has the under coat which contains the 
inorganic powder of at least one layer, and a binder between a nonmagnetic base material and a magnetic layer, 
and is characterized by the average thickness of said magnetic layer being 0.3 micrometers or less. 
[Claim 8] The magnetic-recording medium according to claim 1 0.6 to 0.9 and whose saturation magnetic flux 
density an easy direction of magnetization is in the longitudinal direction of a magnetic layer, and 80 - 400 
kA/m and a square shape are 0. 10.5T for the coercive force of a longitudinal direction. 

[Claim 9] The magnetic-recording medium according to claim 1 0.5 to 0.8 and whose saturation magnetic flux 
density an easy direction of magnetization is located perpendicularly in a magnetic layer side, and 60 - 320 
kA/m and a square shape are 0.10.5T for vertical coercive force. 

[Claim 10] The magnetic-recording medium according to claim 1 0.4 to 0.7 and whose saturation magnetic flux 
density 45 - 320 kA/m and a square shape are [ in / the easy direction of magnetization is distributed at random, 
and / which direction of vertical ] 0.10.5T in a magnetic layer side in the direction and magnetic layer side of 
arbitration within a magnetic layer side for coercive force. 

[Claim 11] Magnetic powder characterized by being in the range are the magnetic powder which uses as a 
configuration element the transition metals which make rare earth and iron a subject, and the coercive force of 
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* * magnetic powder is 80 - 400 kA/m, and 10 25 microwatts of whose saturation magnetization are b/g and, whose 
grain size of magnetic powder is 5'200nm. 

[Claim 12] Magnetic powder according to claim 11 with which the content of the rare earth elements in 
magnetic powder is characterized by being 0.2 to 20 atom % to transition metals. 

[Claim 13] Magnetic powder according to claim 11 characterized by containing at least one sort of elements 
chosen from samarium, neodium, and an yttrium as rare earth elements in magnetic powder. 
[Claim 14] Magnetic powder according to claim 11 with which the transition metals in magnetic powder are 
characterized by making iron and cobalt into a subject. 

[Claim 15] Magnetic powder according to claim 14 with which the content of iron and cobalt expresses with the 
atomic ratio of cobalt opposite iron, and is characterized by being the range of 3 / 97 - 40/60. 
[Claim 16] Magnetic powder according to claim 11 which the transition metals of magnetic powder make iron 
and cobalt a subject, and is characterized by containing nickel further. 

[Claim 17] It is the magnetic powder according to claim 11 characterized by for the core part of magnetic 
powder being metal iron or an iron alloy, and rare earth elements existing in the outer layer part of magnetic 
powder actively. 

[Claim 18] In the manufacture approach of the magnetic powder which consists of transition metals which 
make rare earth and iron a subject Magnetite or a cobalt ferrite particle is distributed in the water solution 
which contains the ion of rare earth at least. It dries, a mol required in order to use rare earth ion as a 
hydroxide - the alkali water solution of a number ■ adding - as the hydroxide of rare earth - the mixture of 
the hydroxide of magnetite or a cobalt ferrite, and rare earth - producing -■ the back fault of it The 
manufacture approach of the magnetic powder characterized by producing the magnetic powder whose coercive 
force is 80 - 400 kA/m, and 10-25 microwatts of whose saturation magnetization are b/g by the magnetic particle 
of the shape of a granular **** ellipse which carries out heating reduction and is in the range whose grain size 
is 5-200nm. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optimal magnetic-recording medium for super high density 
record of the magnetic-recording medium using the magnetic powder which makes rare earth and iron a subject, 
a detailed digital video tape and the detailed backup tape for computers, a mass floppy (trademark) disk, etc. 
[0002] 

[Description of the Prior Art] As for the magnetic -recording medium, much more improvement in recording 
density is demanded for the play back system with the shift to a digital type from an analog type. When 
contention with a hard disk or an optical disk cannot realize the above-mentioned demand with an intense 
video tape or the intense backup tape for computers especially, it is like [ it is doubtful of continuation of the 
product itself ]. Although the magnetic-recording medium which used the metal thin film for the magnetic layer 
is proposed to the demand of improvement in such recording density, the so-called spreading mold 
magnetic-recording medium which comes to apply the magnetic coating which distributed magnetic powder in 
the binder on a nonmagnetic base material in respect of practical use dependability, such as productivity and 
corrosion, is more excellent. In this spreading mold magnetic recording medium, the magnetic parametric 
performance was roughly divided as the technique of improving until now, and amelioration of magnetic powder 
and amelioration of a medium manufacturing technology have realized. 

[0003] Since it corresponds mainly to short wavelength record about amelioration of magnetic powder, the 
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improvement of magnetic properties is aimed at with atomization every year. Conventionally Although 
magnetic powder, such as a ferromagnetic iron oxide currently used for the object for audios or the home video 
tape, Co denaturation ferromagnetism iron oxide, and chrome oxide, was in use, in the object for 
amount-on-hand consistency magnetic-recording media, the needlelike metal magnetism powder whose grain 
size is about 0.1 micrometers is proposed. Moreover, in order to prevent the loss of power by the 
demagnetization at the time of short wavelength record, high coercive force ization is achieved and coercive 
force of 198.9 kA/m extent is realized by alloying of iron-cobalt every year (for example, JP,3 49026,A, 
JP,5-234064,A, JP,6-25702,A, JP,6- 139553, A, etc.). 

[0004] Moreover, by an improvement of the distributed technique at the time of using the binder which has 
various functional groups, and the above-mentioned magnetic powder about amelioration of a medium 
manufacturing technology, and improvement in a calender technique further performed after a spreading 
process, the surface smooth nature of a magnetic layer improved remarkably, and has contributed to 
improvement in a short wavelength output greatly (for example, JP,64 1297,B, JP,7-60504,B, JP,4-19815,A, 
etc.). 

[0005] However, since record wavelength is shortened in connection with densification in recent years, if the 
thickness of a magnetic layer is thick, it will set to the shortest record wavelength field. In order to obtain an 
output only about [ 1/several ] in the conventional saturation magnetization and conventional coercive force 
extent of magnetic powder and to use very short record wavelength, The effect of the thickness loss resulting 
from the self-demagnetization loss at the time of the record playback which did not become a problem so much 
conventionally, or the thickness of a magnetic layer became large, and there was a problem that sufficient 
resolution was not obtained. Since it is unconquerable to such a problem only on the surface disposition by an 
improvement of the magnetic properties by magnetic powder which was described above, or the medium 
manufacturing technology, reducing the thickness of a magnetic layer is proposed. 

[0006] Namely, since the effective thickness of a magnetic layer is generally called about [ of the shortest record 
wavelength used for a system ] 1/3, as for the thickness of a magnetic layer, about 0.3 micrometers is needed in 
the shortest record wavelength of 1.0 micrometers. Moreover, in order to improve the storage capacity per 
volume with the miniaturization of a cassette, it is necessary to carry out lamination of the whole 
magnetic-recording medium, and to carry out lamination also of the magnetic layer inevitably for this reason. 
Furthermore, since write-in magnetic flux generated from the magnetic head in order to raise recording density 
must be made into minute area and the magnetic head has also been miniaturized, the amount of generating 
magnetic flux will fall, but also in order to produce perfect flux reversal by the above minute magnetic flux and 
to cheat, it is necessary to carry out lamination of the magnetic layer. 

[0007] However, although how for the surface roughness of a nonmagnetic base material to affect a magnetic 
layer front face, to fall the solid content concentration of a magnetic coating when carrying out lamination only 
of the problem of being easy to degrade front-face nature and magnetic layer monolayer of a magnetic layer, or 
to reduce coverage can be considered if the thickness of a magnetic layer is reduced Depending on such 
technique, the restoration nature of the defect at the time of spreading or magnetic powder does not improve, 
and there is a problem of weakening paint film reinforcement. For this reason, when carrying out lamination of 
the magnetic layer by amelioration of a medium manufacturing technology, an under coat is prepared between 
a nonmagnetic base material and a magnetic layer, and while this under coat is in a damp or wet condition, the 
so-called simultaneous multistory spreading method which applies the upper magnetic layer is proposed 
(JP,63- 187418, A, JR63191315,A, JP,5-73883,A, JP,5-217148,A, JP,5-298653,A, etc.). 

[0008] By improvement in such a spreading technique, thin layer spreading whose thickness of a magnetic 
layer is about 1.0 micrometers was attained, and problems, such as loss of power by the demagnetization which 
was the essential technical problem of longitudinal record, have been improved by the improvement of this thin 
layer spreading technique and the aforementioned magnetic powder. 
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[0009] 

[Problem(s) to be Solved by the Invention] However, improvement in these magnetism powder and a medium 
manufacturing technology has also reached the limitation mostly in current. As long as needlelike magnetic 
powder is used especially about amelioration of magnetic powder, about 0.1 micrometers of grain size are a 
limit practically. Because, when it atomizes rather than this, it is because specific surface area becomes 
remarkably large and it becomes remarkably difficult saturation magnetization not only to fall, but to 
distribute magnetic powder in a binder. 

[0010] About coercive force, record is in a possible situation by technical **** of the magnetic head also to the 
medium which has high coercive force further. In especially a longitudinal recording method, in order that 
record elimination may prevent the loss of power by record and playback demagnetization as much as possible 
by the magnetic head, as for coercive force, it is desirable to make it as high as possible. Therefore, it is a 
realistic approach for raising the recording density of a magnetic -recording medium, and the most effective 
approach is forming a magnetic-recording medium into high coercive force. 

[0011] Moreover, in order to reduce the effect of the loss of power by the record and playback demagnetization 
which are the essential technical problem of longitudinal record, as for the thickness of a magnetic layer, it is 
effective to make it still thinner, but as long as the above mentioned grain size uses the needlelike magnetic 
powder which is about 0.1 micrometers, a limitation is generated also in the thickness of a magnetic layer. 
Because, by longitudinal orientation, on the average, a needlelike particle is located in a line so that the 
needlelike direction may become in parallel to the field inboard of a medium, but since distribution of a particle 
has distribution, the particle located in a line so that the needlelike direction may become vertical to a medium 
side also exists. If such a particle exists, the surface smooth nature of a medium will be spoiled and it will 
become the cause of increasing a noise. Moreover, such a problem turns into a more serious problem, so that the 
thickness of a magnetic layer becomes thin. 

[0012] Furthermore, although it is necessary to dilute a magnetic coating with the organic solvent of a large 
quantity when it is going to carry out lamination of the magnetic layer In order to be easy to produce 
condensation of a magnetic coating with the needlelike magnetic powder which the former atomized and to 
evaporate the organic solvent of a large quantity at the time of desiccation, The stacking tendency of magnetic 
powder tends to fall, and by the tape-like medium which is longitudinal record, even if a stacking tendency is 
bad and carries out lamination, there is a problem that it becomes difficult for an expected magnetic parametric 
performance to obtain for aggravation of a stacking tendency and aggravation of front face nature. Therefore, in 
longitudinal record, although it turns out that it is effective to make thickness of a magnetic layer thin when 
raising a recording characteristic, as long as the conventional needlelike magnetic powder is used, it is in a 
difficult situation to obtain the spreading mold magnetic-recording medium which carried out lamination of the 
thickness of a magnetic layer further. 

[0013] In addition, among the magnetic powder by which the conventional proposal is made, particle shape is 
tabular and, as for barium ferrite magnetism powder, the magnetic powder of an about 50nm particle is known 
as a grain size (for example, JP,60"50323,B, JP,6 18062,B, etc.). The configuration and grain size of this barium 
ferrite magnetism powder are suitable for obtaining a thin layer spreading mold magnetic-recording medium 
compared with needlelike magnetic powder. However, since barium ferrite magnetism powder is an oxide, 
saturation magnetization cannot obtain the saturation magnetization more than 12.6 microwattb/g like a 
needlelike metal or alloy magnetism powder theoretically about [ 7.5 microwatts / at most ] by big. For this 
reason, if barium ferrite magnetism powder is used, even if it can obtain the thin spreading mold 
magnetic-recording medium of the thickness of a magnetic layer, since flux density is low, an output is low, and 
it is not suitable for a high density magnetic-recording medium. Needlelike magnetic powder which this is a 
reason and was described above as magnetic powder for high recording density magnetic-recording media until 
now was in use. 
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[0014] As explained above, in the lamination of the magnetic layer which is the effective technique for raising 
the recording density of a magnetic-recording medium, it becomes a very important technical problem to 
maintain the coercive force of magnetic powder and saturation magnetization to the highest possible value, and 
to make grain size small. If its attention is first paid to the magnetic properties of the conventional magnetic 
powder in order to conquer this technical problem, since the present needlelike magnetic powder is based on the 
shape anisotropy according [ the origin of coercive force ] to a needlelike configuration, a theoretical limitation 
exists in high coercive force ization. That is, in shape anisotropy, the magnitude of a magnetic anisotropy is 
expressed with 2pils (here, Is is saturation magnetization), and is proportional to saturation magnetization. 
Therefore, with the needlelike magnetic powder based on shape anisotropy in the origin of coercive force, 
coercive force also becomes large, so that saturation magnetization becomes large. 

[0015] Since iron / cobalt ratio shows maximum in the iron cobalt alloy of the 70/30 neighborhood as the 
saturation magnetization of a metal and an alloy is well known from the SURETA polling curve for example, 
coercive force will also show maximum in the above-mentioned presentation. As for the iron cobalt alloy 
magnetism powder with the 70/30 needlelike neighborhood, such iron / a cobalt ratio are already put in 
practical use. 

[0016] However, the magnitude of the magnetic anisotropy in shape anisotropy is expressed with 2pils as 
above -mentioned, when the needlelike ratio (particle die length / particle diameter) of magnetic powder is about 
five or more, a multiplier is expressed with about 2 pi, but an anisotropy will be extinguished if a multiplier will 
become small rapidly if a needlelike ratio becomes less than five, and it becomes spherical. That is, as long as a 
magnetic material like Fe metal or a Fe Co alloy is used as magnetic powder, theoretically as a configuration of 
magnetic powder, the actual condition does not obtain a needlelike configuration fake colander. 
[0017] In order to realize the breakthrough of a spreading mold magnetic-recording medium in view of such a 
situation, this invention As magnetic powder for magnetic-recording media which has the magnetic layer in 
which creation of the new magnetic powder with which the ways of thinking with the above-mentioned 
conventional magnetic powder completely differ carried out (I) lamination based on the idea of being 
indispensable completely different new magnetic powder from the conventional magnetic powder - developing 
- (II) -- by using this magnetic powder The spreading mold magnetic -recording medium of the thin layer field 
which has outstanding magnetic properties without nothing profit with the conventional needlelike magnetic 
powder is realized. (Ill) It aims at obtaining the magnetic-recording medium which has far excellent record 
reproducing characteristics compared with the spreading mold magnetic-recording medium which used the 
above-mentioned conventional magnetic powder. 
[0018] 

[Means for Solving the Problem] The property of magnetic powder required in order that this invention person 
may raise the recording density of the spreading mold magnetic-recording medium which has a thin layer 
magnetic layer by leaps and bounds to the above-mentioned object did the researches and developments about 
the manufacture approach of the magnetic powder suitable for retrieval of a raw material and a 
magnetic-recording medium under the fundamental guide in which it is as following (l) - (6). 
[0019] (l) It is the range in which record elimination by the magnetic head is possible, and is high coercive force 
as much as possible. 

(2) It is the magnetic powder which made the subject the iron which exists in abundance in [ have the largest 
saturation magnetization in a single element, and ] resource. 

(3) In order to obtain high saturation magnetization, they are a metal, an alloy, or compound magnetism powder. 

(4) Particle shape is a configuration where it is near in the shape of [ from which specific surface area serves as 
min ] a ball. 

(5) It is the range which can maintain saturation magnetization and is a particle as much as possible. 

(6) It is the magnetic powder with which an one direction turns into an easy direction of magnetization and 
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which has uniaxial magnetic anisotropy. 

[0020] this invention person found out that the property which made transition metals, such as an alloy of iron 
or iron, and cobalt, contain rare earth elements, and only the magnetic powder whose grain size is 5*200nm 
filled all of these guides, and was especially excellent when the magnetic powder which fulfills all the 
above-mentioned guides was examined was shown. Especially, the core part of magnetic powder considers as 
metal iron or an iron alloy, and the magnetic powder which made rare earth elements exist in the outer layer 
part of magnetic powder actively shows the further excellent property. Moreover, if these magnetic powder is 
used and a thin layer spreading mold magnetic-recording medium is constituted, it will find out that the 
especially excellent high density magnetic-recording medium is obtained. Furthermore, in spite of having been 
the magnetic powder of an ellipse-like ultrafine particle, it became clear that the above-mentioned specific 
magnetic powder is granular thru/or that the magnetic-recording medium which used this is that from which 
high coercive force and high flux density are obtained easily. 

[0021] Moreover, since the rapid flux reversal of the magnetic interaction between magnetic powder becomes 
possible small therefore in a granular magnetic-recording medium like the magnetic powder of this invention 
which are, and it carries out, and is an ellipse-like, and used particle magnetism powder with a very small grain 
size and a flux reversal field becomes narrow, the recording characteristic superior to the magnetic-recording 
medium which used the magnetic powder of the conventional needlelike configuration is shown. Furthermore, 
although the magnetic-recording medium of this invention demonstrates effectiveness especially when 
magnetic layer thickness is as thin as 0.3 micrometers or less, by the medium with magnetic layer thickness 
thin in this way, its effect of demagnetization by the anti-field also decreases, and it comes to show the 
recording characteristic excellent also in the coercive force of 80 kA/m extent. 

[0022] By using this invention as the magnetic recording medium which has the following descriptions, as a 
result of advancing examination further based on these knowledge showed further that the magnetic powder 
and magnetic-recording medium of this invention demonstrated the conspicuous property. That is, as 
mentioned already, in the latest raise in recording density, a digital storage system is becoming in use. For this 
reason, although it is required also for the magnetic-recording medium side that an error rate should be low 
From said viewpoint, when the magnetic-recording medium of this invention is used, it has the under coat of at 
least one layer which contains inorganic powder and a binder on (A) nonmagnetic base material. While 
considering as the magnetic-recording medium which has the magnetic layer which contains magnetic powder 
and a binder on it It considers as the magnetic-recording medium of a configuration of that the average 
thickness of the above-mentioned magnetic layer is 0.3 micrometers or less, (B) The easy direction of 
magnetization of setting anisotropy field distribution of a magnetic layer as the fixed range and the (C) 
magnetic layer is made into a longitudinal direction. The coercive force of said longitudinal direction for an 
application than to which greater importance is attached to that 80 - 400 kA/m and a square shape set to 0.6 to 
0.9, and saturation magnetic flux density sets to 0.10.5T, and especially (D) short wavelength property By 
****ing an easy direction of magnetization perpendicularly in a magnetic layer side, when 60 - 320 kA/m and a 
square shape set to 0.5 to 0.8 and saturation magnetic flux density sets to 0.1-0.5T, the coercive force of said 
perpendicular direction By the conventional magnetic-recording medium, the magnetic-recording medium for 
digital storage of the outstanding property which was not acquired can be attained. 

[0023] Moreover, in using the magnetic-recording medium of this invention with a disc-like gestalt, while 
distributing the easy direction of magnetization within (E) magnetic layer side at random, it is desirable that 
45 - 320 kA/m and a square shape set to 0.4 to 0.7, and saturation magnetic flux density sets [ coercive force ] to 
0.10.5T also in which direction of vertical in the direction and magnetic layer side of arbitration within a 
magnetic layer side. Since orientation of the magnetic powder will be mechanically carried out in the specific 
direction, it needed certain to be nonorientationized processed of the magnetic-recording medium using the 
conventional needlelike magnetic powder for preventing this, but if the magnetic powder of this invention is 
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used, it will also be one of the big advantages such nonorientation-ized processing and that it may be able to do 
that it is unnecessary. 

[0024] Moreover, in the system by which the shortest record wavelength adopts short wavelength record of 1.0 
micrometers or less for high density record, in order to obtain high power, as a result of advancing amelioration 
about the magnetic-recording medium of the above-mentioned thin layer spreading, high power is obtained by 
setting a P-V value to 50nm or less for the surface roughness of the magnetic layer using the (F) 
aforementioned magnetism powder by optical interference type three-dimensions surface roughness. 
[0025] Furthermore, this invention can attain the applied elasticity high to the cross direction which secures 
per good head required for the improvement in a property in the (G) helical scan granular, when examination is 
advanced in order to employ the property of magnetic ellipse-like powder efficiently from there being almost no 
so-called thing [ that machine orientation is carried out] magnetic powder carries out [ the things ] orientation 
to the field inboard of a magnetic layer in parallel in longitudinal orientation as compared with the 
conventional needlelike magnetism powder. 
[0026] 

[Embodiment of the Invention] It is that it is impossible it to become very difficult to carry out homogeneity 
distribution if it atomizes from the present thing, concerning the grain size of (5) first among the fundamental 
guides described above with the needlelike iron cobalt alloy magnetism powder conventionally used as an object 
for high density spreading mold magnetic-recording media, and for the greatest trouble moreover to realize the 
guide of (4) and (6) simultaneously intrinsically It is because the origin of coercive force is based on the 
magnetic shape anisotropy by considering as a needlelike configuration, so uniaxial anisotropy will fall and 
coercive force will become small, if the needlelike ratio can be lowered only to about five but also lowers min 
rather than this. 

[0027] this invention person is the viewpoint from which the magnetic powder based on the above-mentioned 
conventional magnetic shape anisotropy differs under the above mentioned fundamental guide. When various 
kinds of magnetic powder is compounded and the magnetic anisotropy is investigated in order to aim at 
improvement in magnetic properties, the magnetic powder which made transition metals, such as an alloy of 
iron or iron, and cobalt, contain rare earth elements It turned out that it is that in which does not have to make 
it a needlelike configuration for the big crystal magnetic anisotropy, is made to discover the big coercive force to 
an one direction even when [ granular ] it was, and carries out and considers as magnetic ellipse -like powder, 
and it deals. If the core part of magnetic powder considers as metal iron or an iron alloy and furthermore makes 
it the magnetic powder which made rare earth elements exist in the outer layer part of magnetic powder 
actively, the further excellent property is shown. In addition, the ratio of the diameter of a major axis and the 
diameter of a minor axis means two or less thing, and, as for the magnetic powder of the shape of an ellipse said 
to this invention, the configuration is intrinsically different from the magnetic powder for the conventional 
magnetic-recording media. 

[0028] As a magnetic material which consists of rare earth and transition metals, the rare earth-iron-boron 
system magnetic material which made rare earth and iron contain boron further is known as an 
aperiodic-compass ingredient using the particle of the submicron order by the powder metallurgy-approach. For 
example, the neodium -iron-boron system magnetic material for permanent magnets has the presentation 
expressed with Nd2Fel4B, and has the very big coercive force of 800 or more kA/m. However, although such 
coercive force is too high as a magnetic-recording medium, this invention persons will have inquired by 
perceiving that the coercive force based on a crystal magnetic anisotropy may be able to be discovered, if the 
transition metals which make iron a subject rather are made to contain rare earth elements. Consequently, in 
the magnetic powder which consists of transition metals which make rare earth and iron a subject, it found out 
that a magnetic anisotropy was discovered. If the core part of magnetic powder furthermore considers as metal 
iron or an iron alloy and rare earth elements are made to exist in the outer layer part of magnetic powder 
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actively, it will find out that especially the effectiveness is remarkable. 

[0029] In addition, with the magnetic powder of the configuration of this invention, although it was known for 
the rare earth-iron-boron system magnetic material that the compound of a presentation of Nd2Fel4B shows 
especially high coercive force as mentioned above, even when samarium (Sm) and an yttrium (Y) were used for 
a change of Nd as rare earth elements, that the coercive force of sufficient magnitude to use it as a 
magnetic-recording medium is acquired also found out. 

[0030] Thus, it became clear that a neodiumironboron compound shows an especially big magnetic anisotropy, 
and the rare earth-iron-boron system magnetic material has been put in practical use, as a result of being 
observed as a permanent magnet ingredient and having so far inquired. However, as an object for 
magnetic-recording media, like previous statement, it is too high and record elimination cannot be carried out 
in the coercive force for permanent magnets. For this reason, in order to have acquired coercive force suitable as 
an object for magnetic-recording media based on the above-mentioned guide, even if compare for permanent 
magnets, and it does not make boron contain or it made it contain, it found out that it was effective to lessen 
that content. It is having shown clearly that remarkable effectiveness is acquired by making it exist actively 
near the outer layer of magnetic powder rather than it makes homogeneity only contain rare earth elements 
furthermore, although the magnetic anisotropy's discovered big discovery of this invention by making the 
transition metals which make iron a subject contain rare earth elements. Although neodium has furthermore so 
far attracted attention as rare earth elements, for [ like this invention ] magnetic-recording media, this 
invention persons show clearly that rare earth elements, such as samarium other than neodium and an yttrium, 
can also be used for the first time. 

[0031] Thus, although the reason the same effectiveness is acquired also in rare earth elements, such as 
samarium and an yttrium, in addition to the neodium conventionally known as an object for permanent 
magnets is not clear, if the grain size becomes very small like the magnetic powder of this invention, a surface 
effect will be emphasized and because the reaction of rare earth elements and transition metals becomes active 
will be expected. 

[0032] That is, this invention person is the beginning and having succeeded in utilization as an object for the 
magnetic-recording media of a low coercive force field rather than the object for permanent magnets paying 
attention to the rare earth-iron-boron system magnetic material which it was observed as an object for 
permanent magnets, and has so far been examined reclaims the completely new ingredient field. 
[0033] this invention person analyzed first thoroughly the above-mentioned rare earth-iron-boron system 
magnetic material already established also technically and theoretically, and aimed at developing the magnetic 
powder for magnetic-recording media for this magnetic material at the base. Consequently, even if compare for 
permanent magnets, and it does not make boron contain or it makes it contain Lessen the content, make it exist 
actively near the outer layer of magnetic powder rather than it makes homogeneity further only contain rare 
earth elements, and when [ whose grain size is 5-200nm ] it considers as the magnetic powder of the shape of 
granular thru/or an ellipse It found out giving the magnetic parametric performance which showed high 
coercive force and was extremely excellent within limits with record elimination possible in which by the 
magnetic head as a spreading mold magnetic-recording medium of a thin layer field. Moreover, also in it, 
although at least one sort of elements chosen from an yttrium, an ytterbium, caesium, PURASEOJIUMU, 
samarium, a lanthanum, europium, neodium, a terbium, etc. were used for the rare earth in this kind of 
magnetic powder, when neodium, samarium, or an yttrium was used, it also turned out that it is easy to acquire 
high coercive force. Moreover, as transition metals, it considered as the iron cobalt alloy which made iron the 
subject, and when the content of iron and cobalt expressed with cobalt/iron and was in the range of 40/[ 3/97 - ] 
60 atomic ratio, it was also shown clearly that effectiveness is the largest. 

[0034] If it applies to the spreading mold magnetic-recording medium of a thin layer field using such specific 
rare earth-iron-boron system magnetism powder, high coercive force and high saturation magnetization can be 
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attained simultaneously. That is, since the above-mentioned magnetic powder lessens the content of rare earth 
elements substantially and metal iron or an iron alloy is mainly contained, the high saturation magnetization 
of this proper is obtained, and when especially metal iron or an iron alloy is used as a core part and this is made 
into an iron-cobalt alloy, the highest saturation magnetization is obtained. Moreover, since this metal iron or 
alloy iron does not have shape anisotropy, if it can come and is independent, coercive force becomes low, but if 
this is made to contain a small amount of rare earth and boron, coercive force will increase substantially. By 
using especially metal iron or an iron alloy as a core part, and using as a rare earth-iron-boron compound the 
outer layer part which subsumes this core part Since it has coercive force with this expensive compound, it 
becomes what shows high coercive force as the magnetic whole powder, and although the saturation 
magnetization of the above-mentioned compound itself is comparatively low, since the high saturation 
magnetization of metal iron or an iron alloy is maintained, high saturation magnetization and high coercive 
force are attained simultaneously after all in this case. 

[0035] thus, the origin of the magnetic properties of the above-mentioned specific magnetic powder used for this 
invention the actual condition - although it is not clear, the compound or oxide of rare earth elements and 
transition metals which exists in the outer layer section actively discovers a big magnetic anisotropy, and it is 
expected that it has contributed to saturation magnetization with large metal iron or iron alloy inside magnetic 
powder. Moreover, a surface layer and the interior join together magnetically and it is expected that the 
magnetic anisotropy as unification is discovered. Thus, having made the role over the magnetic properties 
separate, and having unified as magnetic powder in the interior of a particle and the exterior, will not be made 
without this invention persons, and it can call this the epoch-making thing which smashes the conventional 
common sense. 

[0036] Moreover, this invention persons found out demonstrating especially excellent magnetic properties as an 
object for high density magnetic-recording media, when grain size was 5-200nm, as a result of examining the 
grain size of the above-mentioned magnetic powder. With the conventional needlelike magnetic powder, in 
order to maintain high coercive force, although grain size was [ even about 0.1 micrometers ] a limitation, since, 
as for the above-mentioned magnetic powder of this invention, it mainly has the origin of coercive force in a 
crystal magnetic anisotropy, grain size can demonstrate the magnetic properties which could consider to 5nm 
as the particle extremely, and were excellent also as such a particle. As an especially desirable grain size, 8nm 
or more is lOnm or more more preferably. 

[0037] If the grain size of the above-mentioned magnetic powder is too large, while the restoration nature of the 
magnetic powder in the inside of a magnetic layer will fall, when lamination of the magnetic layer is carried out, 
and front-face nature is reduced and it considers as a magnetic-recording medium further, the particle noise 
resulting from the magnitude of a particle becomes large. Therefore, it needs to be referred to as 200nm or less 
as a grain size, and lOOnm or less is 50nm or less more preferably. Thus, if it sets up, very high restoration 
nature is obtained and can attain the outstanding saturation magnetic flux density. 

[0038] In addition, in this description, the grain size of magnetic powder surveys grain size of the photograph 
taken by one 100,000 times the scale factor of this with the transmission electron microscope (TEM), and is 
called for with the average of 500 pieces. 

[0039] In the above-mentioned rare earth-iron-boron system magnetism powder used for this invention, there 
are magnetic transition metals, such as Mn ; Zn, nickel, Cu, and Co, as an alloy kind in the case of considering 
as an iron alloy among the metal iron contributed to high saturation magnetization, or an iron alloy. Also in it, 
Co and nickel are desirable and especially Co is desirable. Although it is clear also from a SURETA polling 
curve that big saturation magnetization is obtained as already stated if it is a cobalt iron alloy, as for a certain 
thing, the contribution to the increment in coercive force will not be found out without this invention persons by 
considering not only as the contribution to saturation magnetization but as a cobalt iron alloy, either. Thus, if 
cobalt also exists in iron and coincidence, the reason which big coercive force tends to acquire is not clear. 
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However, for example as a permanent magnet ingredient although samarium cobalt (SmCo5) is known well, if 
rare earth elements and an iron cobalt alloy live together in the particle magnetic substance like this invention.. 
I think that a bigger magnetic anisotropy than the case of only iron is discovered with the surface effect. As a 
content of this cobalt, cobalt/iron expresses, the range of 40/[ 3/97 ■ ] 60 atomic ratio is desirable, especially, at 
the time of 5/95 to 35 / 65 atomic ratio, coercive force and saturation magnetization are boiled and the largest 
value is acquired. 

[0040] moreover - as the content of the rare earth elements of the magnetic powder of this invention - 
transition metals - receiving - 0.2 to 20 atom % desirable - 0.5 to 15 atom % - it is 1.0 to 10 atom % more 
preferably. Although the boron other than rare earth elements and iron is made to contain as an essential 
element with a permanent magnet ingredient, especially boron is not required of the magnetic powder of this 
invention, and even when adding, it is desirable to lessen with several % or less to transition metals. By making 
the content of rare earth elements into the above-mentioned value, the coercive force of 80 - 400 kA/m optimal 
as magnetic powder for high performance magnetic-recording media is acquired. 

[0041] Below, the particle shape of the above-mentioned magnetic powder is explained from the viewpoint of the 
property for forming the dispersibility and the thin layer magnetic layer of a magnetic coating. 
[0042] First, with the conventional needlelike magnetic powder, although grain size is made small for 
improvement in a recording characteristic, such as noise reduction, consequently, if specific surface area 
becomes large inevitably, an interaction with a binder becomes large, and it becomes difficult to obtain a 
uniform dispersing element at the time of the distribution to a binder and it dilutes by the organic solvent of a 
large quantity for thin layer spreading, it will become easy to produce condensation of magnetic powder, and a 
stacking tendency and front-face nature will deteriorate. There is a limitation in the grain size of the magnetic 
powder which can be used as a spreading mold magnetic-recording medium from this. 

[0043] On the other hand, it is, and it carries out, and is an ellipse -like and the above-mentioned magnetic 
powder used for this invention can take the configuration near the globular form with granular particle shape 
from which specific surface area serves as min. For this reason, even if the interaction with a binder was small, 
the fluidity of a magnetic coating was good compared with the conventional magnetic powder and magnetic 
powder formed floe, it turned out that it is what can prepare the magnetic coating which was suitable especially 
when distribution became easy and thin layer spreading of the magnetic layer was carried out. Moreover, it 
turned out that it can fully use as the result also as about 5nm which described grain size above. 
[0044] Moreover, in order to reduce the effect of the loss of power by the record and playback demagnetization 
which are the essential technical problem of longitudinal record, it is effective to make thickness of a magnetic 
layer thin, but as long as grain size uses the needlelike magnetic powder which is about 0.1 micrometers, a 
limitation is generated also in the thickness of a magnetic layer. Because, by field orientation, a needlelike 
particle is located in a line so that the needlelike direction may become in parallel to the field inboard of a 
medium on the average, but since this orientation has distribution, the particle distributed so that the 
needlelike direction might become vertical to a medium side also exists. If such a particle exists, needlelike 
magnetic powder will project from a magnetic layer front face, will spoil the front-face nature of a medium, and 
will become the cause of increasing a noise remarkably. Since this problem becomes so remarkable that the 
thickness of a magnetic layer becomes thin, as long as needlelike magnetic powder is used, the thickness of a 
magnetic layer is about 0.3 micrometers or less, and it is difficult for the actual condition to produce a paint film 
with a smooth front face. Moreover, when an under coat is prepared between a nonmagnetic base material and 
a magnetic layer for the lamination of the magnetic layer mentioned later, In the simultaneous multistory 
method of application applied on an under coat, the magnetic layer coating liquid with which the under coat 
distributed needlelike magnetism powder to the inside of a damp or wet condition Since magnetic powder is 
dragged by the under coat, while needlelike magnetism powder projection-comes to be easy to an under coat by 
the interface of a magnetic layer, orientation turbulence comes to be easy further and a desired square shape 
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• * v ratio is not obtained Since the smooth nature on the front face of a magnetic layer is made to fall, said problem 
is also considered to be one of the factors of hindrance which performs densification by thin layer spreading at 
the time of using needlelike magnetism powder. 

[0045] On the other hand, the above-mentioned magnetic powder used for this invention Since the thing with 
grain size being not only small but granular particle shape for which it is, and it carries out, and it is an 
ellipse like and the configuration near a globular form is taken is also possible, When the phenomenon in which 
a particle projects from the front face of a magnetic layer like needlelike magnetic powder is not produced and 
an under coat is prepared, it can reduce that magnetic powder projects in an under coat compared with 
needlelike magnetism powder, and surface smooth nature can form a very good magnetic layer. Moreover, 
although the problem to which the magnetic flux from a magnetic layer becomes small, consequently an output 
falls will be produced if the thickness of a magnetic layer becomes thin Since the thing with granular particle 
shape for which it is, and it carries out and the configuration near a globular form is taken by the shape of an 
ellip se is also possible, compared with needlelike magnetic powder, the above-mentioned magnetic powder used 
for this invention tends to carry out high restoration of the magnetic powder into a magnetic layer, 
consequently also has the big advantage that high flux density is easy to be obtained. 

[0046] Furthermore, speaking of saturation magnetization, generally, the magnetic-substance part of a metal or 
alloy magnetism powder which grain size contributes to saturation magnetization by the rate of the scaling 
layer which does not contribute to saturation magnetization by specific surface area becoming large if it 
becomes small becoming large becomes small. That is, saturation magnetization also becomes small as grain 
size becomes small. This inclination is remarkable especially in needlelike magnetic powder, and saturation 
magnetization becomes [ major-axis length ] small rapidly bordering on near 0.1 micrometer. It is one of the 
factors reduction of such saturation magnetization also decides the limitations of an usable grain size to be. On 
the other hand, since [ that the above-mentioned magnetic powder used for this invention has granular particle 
shape ] it is an ellipse like, when it was, it carried out, and the same volume compares, specific surface area 
serves as min, and in spite of being a particle, it becomes possible to maintain high saturation magnetization. 
[0047] In this invention, expressing the configuration of the above-mentioned magnetic powder as "the shape of 
granular thru/or an ellipse" means mostly that you may be which configuration included in it including all from 
a grain-like thing to an ellipse-like thing (that is, since almost granular also the thing of the in-between 
configuration to the shape of an ellipse implication). That is, in order to distinguish from "it being needlelike", it 
considers as such an expression. [ which it is a configuration of the conventional magnetic powder ] also in the 
above-mentioned configuration, specific surface area is the smallest - the thing of the shape of granular thru/or 
an ellipse is desirable. These configurations are observable like the case of grain size with an electron 
microscope. 

[0048] As mentioned above, the above-mentioned magnetic powder used for this invention finds out that 
especially excellent record reproducing characteristics are acquired, when it is intrinsically suitable for 
saturation magnetization, coercive force, grain size, and all the particle shape obtaining a thin layer magnetic 
layer and the magnetic-recording medium whose average thickness of a magnetic layer is 0.3 micrometers or 
less is produced using this. In order to improve the property in a high recording density field also in the 
above-mentioned magnetic powder in the magnetic-recording medium whose average thickness of a magnetic 
layer is 0.3 micrometers or less, it is desirable to use that 10 25 microwatts of whose saturation magnetization 
are b/g. 

[0049] In addition, in this description, a sample oscillatory type magnetometer is used for the coercive force and 
the saturation magnetization of magnetic powder, and they mean the value after amendment by the authentic 
sample when measuring by impression field 1273.3 kA/m at 25 degrees C. 

[0050] The above-mentioned magnetic powder used for this invention can be manufactured by the following 
approaches. First/water is made to distribute the magnetite or the cobalt ferrite particle produced beforehand. 
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Into these dispersion liquid, rare earth ion, such as neodium, and samarium, an yttrium, is dissolved. Next, the 
alkali water solution of the number of mols required in order to use this rare earth ion as a hydroxide is added, 
and the front face of magnetite or a cobalt ferrite particle is made to cover as a hydroxide of rare earth. At this 
time, in order to use rare earth ion as a hydroxide as an addition of alkali, adjusting to the number of need mols 
is important. If there are few alkali additions, the added rare earth ion will serve as a hydroxide, will stop being 
able to deposit easily, and will become that the front face of magnetite or a cobalt ferrite particle is hard to be 
covered. On the other hand, if there are too many alkali additions, it will be in the inclination for a hydroxide to 
grow, consequently will be hard coming to cover rare earth ion at homogeneity the front face of magnetite or a 
cobalt ferrite particle. Moreover, since the rare earth oxide or compound formed in a front face in this way also 
has the contribution as a sintering inhibitor, it becomes a very important technique to form in the particle front 
face at homogeneity. 

[0051] The magnetic powder whose coercive force is 80 - 400 kA/m and 10-25 microwatts of whose saturation 
magnetization are b/g is producible by the magnetic particle of the shape of a granular **** ellipse which dries 
the mixture of this rare earth ion, magnetite, or a cobalt ferrite particle after rinsing and filtration, carries out 
heating reduction and is in the range whose grain size is 5-200nm. Most of the grain size and the configuration 
of the magnetic powder obtained eventually is decided by the grain size of starting material different ****** 
magnetite or a cobalt ferrite particle, and the configuration. 

[0052] That is, the place where the manufacturing method of this magnetic powder differs from the 
manufacturing method of other magnetic powder greatly is separating and controlling the particle shape and 
the saturation magnetization which are the most important property of magnetic powder, and the three 
properties of coercive force by the manufacture phase. That is, grain size and a configuration are controlled by 
the grain size of starting material different ****** magnetite or a cobalt ferrite particle, and the configuration, 
it controls by the degree of the oxidation stabilizing treatment after the alloy presentation by returning and 
using saturation magnetization as a metal or an alloy, and reduction, and coercive force is further controlled by 
the amount of rare earth elements which magnetic powder is made to contain. 

[0053] In addition, although main configuration elements are iron or iron, and cobalt, as for each of magnetite 
or cobalt ferrites, it is possible to also make transition-metals ion, such as Mn, Zn, nickel, and Cu, contain in 
addition to these transition-metals elements. Moreover, as for these transition-metals elements, it is desirable 
to make it contain in the phase of magnetite or a cobalt ferrite particle. 

[0054] As mentioned already, although the above-mentioned rare earth elements demonstrate the effectiveness 
biggest when making a magnetic anisotropy discover and increasing coercive force, they also have the 
effectiveness of preventing sintering between the particles at the time of heating reduction. That is, I think that 
it combined with the transition-metals element, and rare earth elements were unevenly distributed near the 
front face of a particle in the state of the oxide or the compound, and have prevented sintering between particles. 
In this case, as for the amount of rare earth elements in the magnetic whole powder, it is desirable that it is 0.2 
to 20 atom % to a transition-metals element. Thus, although rare earth elements serve prevention both as a 
manifestation and sintering for the magnetic anisotropy, it is effective [ rare earth elements ] to contain boron, 
in order to emphasize this effectiveness further. Since it is water solubility and it can add in the water 
dispersion of magnetite or a cobalt ferrite particle, especially boric acid is desirable. 

[0055] The above-mentioned manufacture approach can obtain the coercive force and the saturation 
magnetization of extent which also make homogeneity have contained rare earth elements in magnetic powder, 
although a core part is mainly an iron alloy with metal iron or the above-mentioned transition metals and rare 
earth elements are suitable for obtaining the magnetic powder of the structure which exists in the outer layer 
part of magnetic powder actively. Also in this case, as for the content of the rare earth elements in the magnetic 
whole powder, it is desirable that it is 0.2 to 20 atom % to a transition-metals element. 

[0056] while the above-mentioned magnetic powder is used for a magnetic layer in the magnetic-recording 



JP-A-2002-056518 

medium of this invention - this magnetic powder and binder - further - usually - additives, such as an 
abrasive material, a dispersant, and lubricant, carbon black, etc. - in addition, it is formed by preparing the 
magnetic coating which comes to carry out distributed mixing of these into an organic solvent, boiling this 
magnetic coating through the under coat mentioned later on a nonmagnetic base material, applying, and drying. 
[0057] The combination of the at least one sort and polyurethane resin which are chosen from vinyl chloride 
resin, vinyl chloride-vinyl acetate copolymerization resin, vinyl chloride-vinyl alcohol copolymerization resin, 
vinyl chloride vinyl acetate maleic anhydride copolymerization resin, vinyl chloride -hydroxyl group content 
alkyl acrylate copolymerization resin, a nitrocellulose, etc. is mentioned to the binder used for a magnetic layer. 
Also in it, it is desirable to use together vinyl chloride hydroxyl group content alkyl acrylate copolymerization 
resin and polyurethane resin. There are polyester polyurethane, polyether polyurethane, polyether polyester 
polyurethane, polycarbonate polyurethane, polyester polycarbonate polyurethane, etc. in polyurethane resin. 
[0058] In order to improve the dispersibility of magnetic powder and to raise restoration nature, as for these 
binders, what has a functional group is desirable. As a functional group, COOM, S03M, OS03M, P=0 (OM)3, 
and OP=0 (OM)2 (M is a hydrogen atom, alkali metal, or an amine), OH, NR2, N+R3 (R is hydrogen or a 
hydrocarbon group), an epoxy group, etc. are mentioned. When using together two or more sorts of resin, it is 
desirable to make a functional group in agreement. 

[0059] It is usually good 5 - 50 weight section and to consider as the rate of 10 - 35 weight section preferably to 
the magnetic powder 100 weight section as amount of these binders used. When using vinyl chloride system 
resin as a binder and especially using 5 - 30 weight section and polyurethane resin, it is good to consider as the 
rate of 2 - 20 weight section, and it is most desirable to use combining these resin at an above-mentioned 
operating rate. 

[0060] It is desirable to use together the thermosetting cross linking agent which is combined with the 
functional group contained in a binder, and constructs a bridge with these binders. As this cross linking agent, 
various kinds of poly isocyanates, such as a resultant of what has two or more hydroxyl groups, such as tolylene 
diisocyanate, hexamethylene diisocyanate, isophorone diisocyanate, etc. and these isocyanates, trimethylol 
propane, and a condensation product of the above-mentioned isocyanates, are desirable. These cross linking 
agents are usually used at a rate of 15 - 70 weight section to the binder 100 weight section. 

[0061] In order to improve the reinforcement of a magnetic layer, it is desirable to use the abrasive material of a 
high degree of hardness, alpha-alumina of 90% or more of rates of pregelatinization, beta-alumina, silicon 
carbide, chrome oxide, cerium oxide, alpha-ferrous oxide, corundum, a synthetic diamond, silicon nitride, silicon 
carbide, titanium carbide, titanium oxide, a silicon dioxide, the boron nitride of a with a Mohs hardness of six or 
more ingredient, etc. are independent to this abrasive material, or are combined and used for it. Moreover, the 
complex (for example, thing which carried out surface treatment of a certain abrasive material by other 
abrasive materials) of these abrasive materials may be used. Also in these, it is desirable to use especially an 
alumina particle and there is "UB40B" etc. by "AKP10" by Sumitomo Chemical Co., Ltd., "AKP-12", "AKP-15", 
"AKP-30", "AKP-50", "HIT-82", "HIT-60", and the Kamimura industrial company in a commercial item. 
[0062] As for the grain size of these abrasive materials, it is desirable that it is 0,01- 1 micrometer. As occasion 
demands, it can be used combining the abrasive material from which grain size differs, or an independent 
abrasive material can also make grain-size distribution large, and can also give the same effectiveness. 
Although any of the shape of a needle, a globular shape, and a die are sufficient, since what has an angle in a 
part of configuration is high, as for polish nature, it is [ the configuration of these abrasive materials ] desirable. 
It is usually good 6 - 20 weight section and to make the amount of these abrasive materials used into 8 - 15 
weight section from a viewpoint of a magnetic parametric performance and head dirt preferably to the magnetic 
powder 100 weight section. 

[0063] In case the magnetic coating containing magnetic powder or a binder is prepared as the addition 
approach of abrasive materials including alumina powder, in kneading processes and preliminary churning 
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-* processes, such as a kneader, apart from the approach and the magnetic coating which add abrasive materials, 
such as alumina powder, directly, the dispersion liquid of abrasive materials, such as alumina powder, are 
prepared beforehand, and the approach of adding these dispersion liquid separately in magnetic coatings is 
mentioned. If it says from the point of productivity, it is desirable especially to adopt the former without the 
need of establishing another process. 

[0064] As one of the additives of a magnetic layer, a dispersant is used preferably. In a dispersant, an alkylene 
oxide system, a glycerol system, a glycidol system, The Nonion system surfactants, such as an alkylphenol 
ethyleneoxide adduct, An annular amine and ester amide, quarternary ammonium salt, a hydantoin derivative, 
Cation system surfactants, such as heterocycles, phosphonium, or sulfonium, Amphoteric surface active agents, 
such as a sulfuric acid of the anion system surfactant containing acidic groups, such as a carboxylic acid, a 
sulfonic acid, phosphoric acid, a sulfate radical, and a phosphoric ester radical, amino acid, aminosulfonic acid, 
and amino alcohol or phosphoric ester, and an alkyl BEDAIN mold, are used. 

[0065] As other dispersants, Ti system dispersant, P system dispersant, etc. can be used, as Ti system 
dispersant "PUREN act KR-38S" by Ajinomoto Co., Inc., "this KR-TTS", and "this KR-46B" - "» this KR-55" 
and "this KR-41B" - "-- said KR-138S" * "-- said KR-238S" - " - titanate system coupling agents, such as this 
KR-44" and "this KR-9SA", are mentioned. Moreover, as a P system dispersant, there are alkyl phosphoric ester, 
such as phosphoric-acid monomethyl, phosphoric-acid dimethyl, phosphoric-acid monoethyl, and 
phosphoric-acid diethyl, and aromatic series phosphoric acids, such as phenylphosphonic acid, and "GARFAC 
RS410" by the chemistry company, "JP-502" by the Johoku chemical-industry company, "JP-508", etc. are 
mentioned as a commercial item east. 

[0066] As one more of the additives of a magnetic layer, lubricant is used preferably. Conventionally, it is 
independent, or two or more sorts can use a well-known fatty acid, fatty acid ester, a fatty -acid amide, a 
fatty-acid metal salt, a hydrocarbon, etc. for this lubricant, mixing to it. Also in these, it is desirable to use the 
fatty acid of 12-24 preferably ten or more carbon numbers. Such a fatty acid softens contact between 
medium-heads in initial wear, reduces coefficient of friction, and is contributed to reduction of head dirt while a 
part sticks to magnetic powder and helps the dispersibility of magnetic powder. As such a fatty acid, although 
which structure of a straight chain, branching, partial saturation, and saturation is sufficient, the straight 
chain system which is excellent in lubricative ability is desirable. As such a fatty acid, a lauric acid, a myristic 
acid, stearin acid, a palmitic acid, oleic acid, isostearic acid, etc. are mentioned, for example. 
[0067] As amount of the above-mentioned additive used, it is desirable to consider as 0.5 - 5 weight section to 
the magnetic powder 100 weight section in a dispersant, and it is more desirable to consider as 1 - 4 weight 
section. Moreover, it is desirable to consider as 0.2 - 10 weight section to the magnetic powder 100 weight 
section with lubricant, such as a fatty acid, and it is more desirable to consider as 0.5 - 5 weight section. 
[0068] It is desirable to use carbon black for lowering of coefficient of friction of a magnetic layer and 
electrification prevention. As such carbon black, the furnace for rubber, the black for thermal ** colors for 
rubber, acetylene black, etc. are mentioned. These carbon black has that good 0.1-10 % of the weight and 
whose tap density 2- 10, and water content are [ specific surface area / 5 500m2/g and DBP oil absorption / 
10400ml / lOOg, and particle diameter ] 0.1-lg/cc for 5 300mmicro and pH. As a commercial item, 
"SEVACARB MTCI" by the KOROMBIAN carbon company, "Thermax Powder N-991" by Cancarb, Ltd., etc. can 
be mentioned. It is good to usually consider as 3 or less % of the weight of a rate to magnetic powder as amount 
of these carbon black used. 

[0069] As an organic solvent used for preparation of a magnetic coating, a lubricant solution, etc., all the 
organic solvents currently used from the former can be used in formation of a magnetic layer. For example, a 
hexane besides alcohols solvents, such as carbonate system solvents, such as acetic-ester system solvents, such 
as ketones, such as aromatic solvents, such as benzene, toluene, and a xylene, an acetone, a cyclohexanone, a 
methyl ethyl ketone, and methyl isobutyl ketone, ethyl acetate, and butyl acetate, dimethyl carbonate, and 
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diethyl carbonate, ethanol, and isopropanol, a tetrahydrofuran, dimethylformamide ; etc. are mentioned. 
[0070] In manufacture of the magnetic-recording medium of this invention, it is desirable to be able to use a 
well-known coating production process from the former, and to use together a kneading process and a primary 
distribution process especially according to a kneader etc. on the occasion of formation of a magnetic layer and 
the under coat mentioned later, using a sand mill at a primary distribution process - an improvement of the 
dispersibility of magnetic powder a front face •■ since description is controllable, it is desirable. 
[0071] since it is close to especially theoretical density, even if it is desirable to use the zirconia system bead of a 
high degree of hardness as a distributed medium, it is desirable to use what is obtained by ordinary 
temperature isotropicpressure shaping (CIP law) and elevated-temperature isotropicpressure shaping (the 
HIP method) as for the zirconia beads as such distributed media, and a sand mill etc. performs strong 
distribution at said primary distribution process a bead -■ a crack - hard - it is desirable to use the zirconia 
beads by the HIP method wear takes place to homogeneity. As an example of such zirconia beads, it is 
TORESERAMU by Toray Industries, Inc. The zirconia ball by Nihon Kagaku Togyo Co., Ltd. can be mentioned. 
Moreover, as distributed time amount, it is desirable to adjust suitably in the range for 30 - 100 minutes by the 
residence time of a coating. 

[0072] Thus, especially as magnetic properties of the magnetic layer containing each above-mentioned 
component of the magnetic powder formed, a binder, and others, 80-400kA /of coercive force of a 
magnetic-recording medium is [ m ] 95 - 320 kA/m, and 0.10.5T, and that it is especially 0.2-0. 4T have desirable 
saturation magnetic flux density. Here, the above-mentioned magnetic properties are the values after the 
reclamation when measuring what stuck and united the sample which uses a sample oscillatory-type fluxmeter, 
says the measured value in 25 degrees C and external magnetic field 1273.3 kA/m like the case of magnetic 
powder, and has the 20th page of a magnetic layer side for the diameter of 8mm. 

[0073] As mentioned already, when it considers as a magnetic-recording medium, saturation magnetization 
with more nearly needlelike magnetic bigger powder is not required of the magnetic powder used for this 
invention. When a signal is recorded on a magnetic recording medium, as for this field, it is desirable [ the flux 
reversal field within a medium ] to make it as narrow as possible in order not to contribute to an output. 
However, with the conventional needlelike magnetic powder based on magnetic shape anisotropy in the origin 
of coercive force, if the magnetic interaction between magnetic powder also becomes large and rapid flux 
reversal is performed so that saturation magnetization becomes large, since big magnetostatic energy will be 
accumulated, the flux reversal field width of face which needs to perform flux reversal gradually, consequently 
does not contribute to an output becomes large. On the other hand, with the magnetic powder used for this 
invention, since the origin of coercive force is based on the crystal magnetic anisotropy and flux reversal with it 
happens, a flux reversal field becomes narrow and an output also with comparatively low big saturation 
magnetization is obtained. [ the small consequently magnetic interaction between magnetic powder and ] 
[ rapid ] 

[0074] In order that the magnetic-recording medium of above-mentioned this invention may solve the problem 
of the loss of power by the demagnetization which was the essential technical problem of longitudinal record as 
average thickness of a magnetic layer, especially when it considers as a thin layer 0.3 micrometers or less, the 
property is demonstrated notably. In addition, the thickness of said magnetic layer is decided by relation with 
the record wavelength to be used, and when the shortest record wavelength applies to a system 1.0 micrometers 
or less, the effectiveness of this invention is demonstrated especially notably For example, it is desirable to set 
average thickness of a magnetic layer to about 0.2 micrometers in the system for which shortest record 
wavelength of 0.6 micrometers like DLT-4 is used, and it is desirable to be referred to as about 0.1 micrometers 
in the system for which shortest record wavelength like DDS3 which is 0.33 micrometers is used. Thus, it is 
desirable to apply this invention to the system for which to consider as the magnetic layer thickness of a 
super thin layer is needed. 
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- % [0075] Moreover, as anisotropy field distribution of said magnetic-recording medium, it is desirable to carry out 
to 0.6 or less by the magnetic-recording medium of longitudinal orientation. By making anisotropy field 
distribution in said longitudinal orientation or less into 0.6, the dispersibility of the magnetic powder of the 
particle of this invention and a stacking tendency can be improved, even if it is the same coercive force, the 
output in short wavelength can improve and an error rate can be improved. Moreover, in order to depend for 
anisotropy field distribution on the stacking tendency of magnetic powder, the value of anisotropy field 
distribution becomes small so that the stacking tendency of magnetic powder usually improves, and since 
grain-size distribution is good compared with the conventional needlelike magnetic powder, the magnetic 
powder of this invention has the description which shows good anisotropy field distribution also in random 
orientation. 

[0076] Moreover, when the shortest record wavelength uses the magnetic-recording medium of this invention 
for a high density record system 1.0 micrometers or less, in order to attain a high increase in power, it is 
desirable that a P-V value sets to 50nm or less by optical interference type three-dimensions surface roughness, 
and it is more desirable to be referred to as 40nm or less. When it considers as the magnetic-recording medium 
of the multistory configuration which prepared the under coat for lamination, with the conventional needlelike 
magnetism powder, as compared with painting a direct magnetic layer on a nonmagnetic base material, 
magnetic powder does not carry out orientation to a magnetic layer front face in parallel, but it is easy that is, 
for magnetic powder to projection-come to be easy to an under coat, and to reduce front-face nature by it. Since 
it is an ellipse-like, degradation of the front-face nature at the time of orientation is not brought [ that the 
configuration of magnetic powder is granular in this invention thru/or ] about. Mean particle diameter 
extremely the magnetic powder of this invention with 5 200nm however, in spite of a particle Since it is hard to 
produce condensation of magnetic powder, as a result of having the outstanding dispersibility, the smooth 
nature of a magnetic layer side can be improved, and even if the shortest record wavelength is 1.0 micrometers 
or less conjointly, high power can be attained with the property of said high coercive force, the surface 
roughness of this invention - non-contact surface roughness measuring device T0PO3D (product made from 
WYKO) an object head (40 times) - setting - the measurement wavelength of 648. 9nm, and measuring-plane 
product 250micrometerx250micrometer - an inclination, a bow, and cylinder amendment - in addition, the 
surface roughness (P-V) of each point of measurement is measured from the average of four measurement 
counts, and it asks from the average often point of measurement. 

[0077] Moreover, in a helical scan, since a magnetic-recording medium needs to coil around a cylinder and it is 
necessary to contact the magnetic head, in order to improve head contact, it is necessary to optimize the 
reinforcement of the longitudinal direction of a magnetic-recording medium, and the cross direction. Since it is 
designed so that the relative velocity of a magnetic tape and the magnetic head may become very high speed 
while a helical scan especially also uses the head configuration of the magnetic head as an acute angle recently 
and enlarging the amount of pushing to a magnetic layer side, degradation of an envelope will be caused by 
aggravation of head contact. In order to improve the head contact to the magnetic head in the 
magnetic-recording medium of this invention from this viewpoint, setting the ratio (YTD/YMD) to the Young's 
modulus (YMD) of the longitudinal direction of crosswise Young's modulus (YTD) to 1.0- 1.7 found out the 
desirable thing. While carrying out orientation of the conventional magnetic powder by the machine orientation 
at the time of spreading so that the direction of a major axis may become in parallel to the inside of a magnetic 
layer side since the configuration is needlelike, in order to obtain a high square shape ratio and to carry out 
field orientation of it to a longitudinal direction, magnetic powder serves as a gestalt to which the direction of a 
major axis was equal to the longitudinal direction further, therefore - as the reinforcement of a magnetic layer 

- inevitable - a longitudinal direction - the cross direction - comparing - high not becoming - it does not 
obtain but the head contact to the magnetic head expected an isotropic thing is made to deteriorate On the 
other hand, since magnetic ellipse-like powder is used, it compares with needlelike magnetic powder, and there 
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is almost nothing at the time of spreading that is done for machine orientation, and the magnetic-recording 
medium of this invention does not have granular as magnetic powder thru/or taking an orientation gestalt from 
which magnetic powder becomes parallel in a magnetic layer side also in field orientation, either. Consequently, 
it is good to become possible to make crosswise reinforcement high and to set said ratio to 1.21.6 preferably. In 
addition, said each Young's modulus means the value in 0.3% elongation in 25-degree C60%RH. 
[0078] Moreover, in this invention, when carrying out lamination of the magnetic layer, in order to demonstrate 
better the outstanding surface smooth nature by the particle shape of magnetic powder, if the under coat of at 
least one layer is prepared between a nonmagnetic base material and a magnetic layer, a more desirable 
property will be acquired. That is, the above-mentioned leveling of direction which applies on the under coat 
which the spreading property approximated improves more rather than applying directly on a nonmagnetic 
base material, and it can also control the effect by the front-face nature of a nonmagnetic base material by 
excelling in the fluidity of a magnetic coating and leveling at the time of spreading improving, and preparing an 
under coat in that case according to said specific magnetic powder used for this invention, although the surface 
smooth nature which was excellent in the magnetic layer is obtained. 

[0079] There are inorganic powder, a binder, lubricant, carbon black, etc. in the constituent of an under coat. 
Both nonmagnetic powder and magnetic powder can be used for inorganic powder. As nonmagnetic powder, 
alpha-alumina of 90% or more of rates of the formation of alpha-, petaalumina, Gamma-alumina, 
alpha-ferrous oxide, Ti02 (a rutile, anatase), and TiOx, Cerium oxide, the tin oxide, tungstic oxide, ZnO, Zr02 ; 
Si02 and Cr 203, goethite, It is independent, or they are used by corundum, silicon nitride, titanium carbide, 
magnesium oxide, boron nitride, molybdenum disulfide, copper oxide, MgC03, CaC03, BaC03, SrC03 and 
BaS04, silicon carbide, titanium carbide, etc., combining. As magnetic powder, magnetic powder, such as 
gamma-Fe 203, Cogamma-Fe 203, Fe alloy, Cr02, and Ba ferrite, is used. 

[0080] These inorganic powder may be a globular shape, a needle, and which a tabular configuration. If the 
grain size of inorganic powder is too large, since the front-face nature of an under coat will fall and it will affect 
the front-face nature of a magnetic layer, it is desirable that it is 0.5 micrometers or less. Moreover, since 
cushion effect also falls while the holes which the restoration nature of the inorganic powder of an under coat 
goes up, and can hold lubricant will decrease in number, if too small, it is desirable that it is 0.05 micrometers 
or more. Since the amount of the inorganic powder used is the same as the above-mentioned grain size, it is 
desirable that it is [ of the whole under coat ] 70 - 80 % of the weight especially 60 to 90% of the weight. 
[0081] It is good for the binder used for an under coat to use the same resin as the aforementioned binder which 
forms a magnetic layer, and to use the desirable binder of a magnetic layer and resin of the same kind. If it is 
made especially in agreement by the concomitant use system of vinyl chloride system resin and polyurethane 
resin, the elasticity of an under coat and a magnetic layer can become near, and the load from the magnetic 
head can be distributed good. Moreover, as for the binder of an under coat, it is desirable to have as of the same 
kind a functional group as the binder of a magnetic layer. Since extraction of the lubricant from an under coat 
to a magnetic layer will become smooth in the concomitant use system of vinyl chloride system resin and 
polyurethane resin especially while the adhesive property of both layers improves if a functional group is made 
in agreement by the under coat and the magnetic layer, it is desirable. 

[0082] As for the amount of the binder used of an under coat, it is especially desirable to the inorganic powder 
100 weight section 20 - 45 weight section and that it is 25 - 40 weight section. In addition, in order to raise the 
reinforcement of an under coat, it is also desirable to use together the thermosetting cross linking agent which 
is combined with the functional group contained in a binder, and constructs a bridge with the above-mentioned 
binder like the case of a magnetic layer. It is desirable to usually consider as 15 - 70 weight section to the 
above-mentioned binder 100 weight section as amount of the cross linking agent used. 

[0083] Although the same lubricant as a magnetic layer can be used as lubricant used for an under coat, since a 
fatty acid is inferior to transudatory [ to the upper layer ] from fatty acid ester, it is independent in fatty acid 
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ester, or it is desirable to use the addition ratio of fatty acid ester, enlarging it. the addition of the lubricant of 
an under coat - the inorganic powder 100 weight section - receiving - usually - 4 - 18 weight section -- it is 
preferably good 5 * 16 weight section and to consider as 6 - 14 weight section more preferably. As for the 
addition ratio of the fatty acid to an under coat, and fatty acid ester, it is desirable 0 / 100 - 40/60, and that it is 
especially 0 / 100 - 30/70 at a weight ratio. What is necessary is just to apply or spray a lubricant solution etc. on 
the front face of the under coat which added together on the occasion of mixing by the kneader of the coating for 
under coats etc., added before the above-mentioned mixing or to the back, or was formed beforehand, in order to 
include lubricant in an under coat. 

[0084] As carbon black used for an under coat, it is desirable to use together carbon black with a grain size of 
0.010.03 micrometers and carbon black with a grain size of 0.05 0.3 micrometers. The former carbon black is 
for securing the hole which holds lubricant like the case of a magnetic layer, and the latter carbon black is for 
aiming at improvement in the paint film reinforcement of an under coat, and coexistence of cushion effect. The 
addition of the carbon black to an under coat doubles both carbon black, and it is usually desirable 5 ■ 70 weight 
section and to consider as 15 - 40 weight section especially to the inorganic powder 100 weight section. 
[0085] As carbon black with a grain size of 0.010.03 micrometers, there are "Raven 1255", "Conductex SC", etc. 
by the "BLACK PEARLS 800" made from Cabot "MogulL" "VULCAN XC-72" "Regal 660R" KOROMBIAN 
carbon company. Moreover, as carbon black with a grain size of 0.05 0.3 micrometers, there is "Termax 
Powder-N -991" etc. by "Raven 450" by the "BLACK PEARLS 130" made from Cabot "Monarch 120" 
KOROMBIAN carbon company, "Raven 410", and Cancarb, Ltd. 

[0086] Organic solvents, such as the same aromatic solvent as the case of a magnetic layer, ketones, an ester 
solvent, an alcohols solvent, and a hexane, a tetrahydrofuran, are used as a solvent for preparation of the 
coating for under coats, or a lubricant solution in formation of an under coat. Moreover, as for the average 
thickness of an under coat, it is desirable to be referred to as 0.5- 10 micrometers, and it is more desirable to be 
referred to as 15 micrometers. As for the average thickness of an under coat, it is desirable that they are 1.7 to 
200 times to the average thickness of a magnetic layer, and it is more desirable that they are two to 50 times. 
[0087] In addition, in this description, each average thickness of a magnetic layer and an under coat is 
calculated from the average of five point of measurement when measuring the cross-section photograph which 
cut the magnetic-recording medium with the microtome and observed the cross section of the thickness 
direction by one 50,000 times the scale factor of this with the transmission electron microscope ten points at 
intervals of 1cm. 

[0088] In this invention, each nonmagnetic base material for magnetic-recording media currently used from the 
former can be used as a nonmagnetic base material. Specifically, the plastic film which consists of polyamides, 
such as polyester, such as polyethylene terephthalate and polyethylenenaphthalate, polyolefines, cellulose 
triacetate, a polycarbonate, polysulfone, a polyamide, polyimide, polyamidoimide, aramid, and aromatic 
polyamide, and whose thickness is usually 2- 100 micrometers is used. When making overall thickness thin for 
high density record, also in order to make head contact to the magnetic head good also in said nonmagnetic 
base material, it is desirable to use the polyester system film or polyamide system film with which the 
crosswise Young's modulus of 0.3% elongation made high preferably reinforcement of the two or less two or 
more 6.0x109 N/m22. 0x109 N/m cross direction two or more [ 5.0xl09Ns //m ]. As for the surface roughness of a 
nonmagnetic base material, it is desirable to use that in which front-face nature differs from a magnetic layer 
by both sides side when preparing the back coat layer later mentioned to the field of an opposite hand. It 
becomes easy to control P V of a magnetic layer by the difference of such front-face nature. 

[0089] Since an adhesive property with an under coat is improved, a resin layer can also be prepared in a 
nonmagnetic base material. Polyester resin, polyurethane resin, etc. are mentioned as this resin layer, these -■ 
resin - inside - **** COOM - SO - three - M - OSO - three - M » P=0 - (-■ OM -) - three - OP=0 - (~ 
OM -) - two (M is a hydrogen atom, alkali metal, or an amine) - a functional group - having -- resin - 
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nonmagnetic - a base material ■ an adhesive property - being good - while - an under coat - an adhesive 
property - it can improve - since - especially - being desirable . Moreover, such a resin layer is good also as a 
resin layer which has inorganic powder, such as a silica, because of blocking prevention. It is good that it is 
0.01-0. 08 micrometers as thickness of such a resin layer to usually be referred to as 0.1 micrometers or less at 
best especially preferably. 

[0090] If the anisotropy of contraction of the nonmagnetic base material generated in the trial under an 
operating environment, especially hot environments is large, flattery nature will fall and it will be easy to 
produce a tracking error. For this reason, it is desirable in 1.5% or less and a longitudinal direction that 105 
degrees C and the rate of a heat shrink for 30 minutes, i.e., the heat shrink after heat-treating for 30 minutes 
and cooling radiationally at 105 degrees C, are 1.0% or less in a lengthwise direction as a nonmagnetic base 
material. The above-mentioned rate of a heat shrink extracts respectively six test pieces with a width of face [ of 
a nonmagnetic base material / of 10mm ], and a die length of 300mm from MD/TD, measures the die length 
after heat-treating for 30 minutes and cooling in 105-degree C hot blast, and is called for as the average of [(die 
length after die-length-contraction of dimension) die length of /origin] xl00(%). 

[0091] In this invention, the well-known method of application is used from the former, such as gravure 
spreading, roll coating, blade spreading, and extrusion spreading, at the spreading process for forming an 
under coat and a magnetic layer on the above-mentioned nonmagnetic base material. In that case, after the 
method of application of an under coat and a magnetic layer carries out spreading desiccation of the under coat 
on a nonmagnetic base material, any of the multistory method of application and the simultaneous multistory 
method of application which applies an under coat and a magnetic layer simultaneously which applies a 
magnetic layer may be serially used for it. Considering leveling of the thin layer magnetic layer at the time of 
spreading, it is desirable especially to adopt the simultaneous multistory spreading method with which an 
under coat applies a magnetic layer to the inside of a damp or wet condition. Since the problem that turbulence 
arises in an interface with a magnetic layer, and magnetic powder projection-comes to be easy to an under coat 
in the simultaneous multistory spreading method with which an under coat applies a magnetic layer to the 
inside of a damp or wet condition with the conventional needlelike magnetic powder especially arises and it is 
easy to reduce the front-face nature of a magnetic layer, also in this spreading method, especially this invention 
is effective. 

[0092] To such a spreading method, JP, 48-22605, A, JP,48-98803,A, Are indicated by JP,48-99233,A, 
JP,61 139929,A, etc. How to apply the coating for under coats by gravure spreading, roll coating, etc., and apply 
a magnetic coating using an extrusion mold spreading head with the gestalt which has a back roll on this under 
coat, After applying the coating for under coats, where a nonmagnetic base material is supported with the back 
up roll The approach of forcing and applying the extrusion mold spreading head which **** a magnetic coating 
in the meantime, the approach of applying with the extrusion mold spreading head of one apparatus which has 
two or more slits which **** the coating for under coats and a magnetic coating further, etc. are mentioned. 
[0093] The magnetic-recording medium of this invention may prepare a back coat layer in the field of an 
opposite hand with the magnetic layer of a nonmagnetic base material. Inorganic nonmagnetic powder, such as 
alpha-Fe 203 generally used as an abrasive material, Fe304, Ti02, graphite, CaO, Si02 and Cr 203, 
alpha-aluminum 203, SiC, CaC03, BaS04, ZnO and MgO, boron nitride, and TiC, ZnS, MgC03, Sn02, can be 
included in a back coat layer in order to raise reduction and the mechanical strength of coefficient of friction 
besides conductive carbon black. Moreover, dispersants, such as lubricant, such as a higher fatty acid, fatty acid 
ester, and silicone oil, and a surfactant, and other various additives can be included in a back coat layer as 
occasion demands. 

[0094] Although the same thing as the binder of a magnetic layer can be used for the binder of a back coat layer, 
in order to reduce coefficient of friction and to raise performance traverse also in it, it is desirable to use 
together cellulose type resin and polyurethane resin. As for the amount of these binders used, it is desirable to 
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usually consider as 15 - 200 weight section extent to carbon black or the inorganic nonmagnetic powder 100 
weight section. In order to stiffen these binders, cross linking agents, such as the poly isocyanate compound, 
may be used together. Moreover, as average thickness of such a back coat layer, it is after calendering and it is 
desirable to be referred to as about 0.31.0 micrometers. If a back coat layer is too thick, the thickness of the 
whole magnetic-recording medium will become thick, if too thin, the front-face nature of a back coat layer will 
fall under the effect of the front-face nature of a nonmagnetic base material, the front face of a back coat layer is 
imprinted by the magnetic layer, and a magnetic parametric performance etc. tends to get worse. 
[0095] In manufacture of the magnetic- recording medium of this invention, it is desirable after spreading 
desiccation to perform surface treatment by the calender which used the plastics roll metallurgy group roll. 
While being able to adjust P-V on the front face of a magnetic layer by performing calender processing, 
whenever [ restoration / of magnetic powder ] can be raised and a residual magnetic flux density can be raised. 
As for especially processing temperature, it is usually good that it is [ 60 degrees C or more / 80 degrees-C or 
more ] 200 degrees C or less. 115 or more kN/m especially of linear pressure force is usually 150 or more kN/m 
400 or less kN/m, and, as for a rate, it is good that it is [ 20 700m ] a part for /. When it considers as the linear 
pressure of 190 or more kN/m at the processing temperature of 80 degrees C or more especially, the 
above-mentioned effectiveness can be heightened further. 

[0096] Moreover, in manufacture of the magnetic-recording medium of this invention, aging after the 
above-mentioned calender processing is desirable. By aging, paint film hardening can progress and paint film 
reinforcement can be raised. Since the temperature of aging has a possibility of the volume tightness of a 
magnetic sheet becoming remarkable, and the surface roughness of a back coat layer imprinting, and degrading 
the front-face nature of a magnetic layer when it is too high, it is desirable to carry out below 70 degrees C. 
Moreover, it is desirable to carry out in the environment of RH 5 to 60% because of gas conditioning. 
[0097] Furthermore, in order to remove the dust component on the front face of a magnetic layer leading to a 
drop out, and in order to remove a part for the fragile site on the front face of a magnetic layer beforehand and 
to adjust the front-face nature of a magnetic layer further, it is desirable after spreading desiccation of a 
magnetic layer to carry out polish processing. Although there are blade processing and processing by the 
grinding wheel as polish processing, processing by the grinding wheel is more desirable than the point of 
productivity. Processing by the grinding wheel is indicated by JP,62-150519,A, JP, 62- 172532, A, JP,2-23521,A, 
etc. A ceramic, super-steel, sapphire, a diamond, etc. are mentioned as construction material used for the polish 
part of a wheel. Moreover, when using a grinding wheel, it is desirable to consider as **200% of range to a tape 
travel speed (a part for 50 300m/) as a peripheral speed of a wheel, and considering as 10 80 degrees is 
desirable as a contact angle to a wheel. 
[0098] 

[Example] Hereafter, the example of this invention is indicated and it explains more concretely. In addition, 
that it is in below with the section shall mean the weight section. 

[0099] Cobalt nitrate 6 monohydrate of 1»0.419 mols of <production [ of magnetic powder ] >«examples 122 
and examples 1-4 of comparison» «examples and iron nitrate (III) 9 0.974-mol monohydrate were dissolved 
in 1500g water. Next, the 3.76-mol sodium hydroxide was dissolved in 1500g water. The water solution of a 
sodium hydroxide was added in the water solution of this iron and cobalt salt, it stirred for 20 minutes, and the 
coprecipitation object of iron and cobalt was made to generate. 

[0100] This coprecipitation object was put into the autoclave and it heated at 220 degrees C for 4 hours, the 
settlings which hydrothermal processing finished - rinsing - the grain size of 15nm - the cobalt ferrite particle 
of the shape of granular thru/or an ellipse was obtained. 

[0101] Next, the above-mentioned particle cobalt ferrite lOg was suspended in 200g water. Nitric-acid 
samarium 6 0.00726 mol monohydrate was added to this suspension, and it dissolved in it, and stirred for 20 
minutes. Furthermore, the water solution which dissolved the 0.02178-mol sodium hydroxide in lOg water was 
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added, and it stirred for 20 minutes. 

[0102] After heating this suspension at 90 degrees C for 1 hour, rinsed and filtered, opened the filtration object 
to the vat, it was made to dry at 60 degrees C for 6 hours, and moisture was removed. 

[0103] After cracking the obtained oxide with a mortar, it put into the tubular electric furnace and heating 
reduction was carried out at 500 degrees C among the hydrogen air current for 1 hour. Next, where hydrogen 
gas is poured, after cooling to a room temperature, 1000 ppm of oxygen were contained and it switched to the 
mixed gas whose remainder is nitrogen. Next, temperature up of the temperature was carried out to 100 
degrees C, and among nitrogen / oxygen mixed-gas air current, after performing stabilizing treatment for 6 
hours, it took out in after [ cooling ] air. 

[0104] When the content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to 
the transition metals element in this samarium content iron-cobalt magnetism powder (iron and cobalt), and 
cobalt was measured with fluorescence X rays, it was 29/[ ** 5.6 atom % and ] 71 atomic ratio, respectively, 
moreover, grain size is 15nm when said magnetic powder is observed with a transmission electron microscope - 
it was the particle of the shape of granular thru/or an ellipse. Furthermore, 21.6 microwatts of b/g and coercive 
force of the saturation magnetization which impressed and measured the field of 16kOe were 125.7 kA/m. 
[0105] «example 2» In the example 1, by changing the hydrothermal processing conditions at the time of 
cobalt ferrite particle composition in 180 degrees C and 4 hours, the cobalt ferrite particle with a grain size of 
lOnm was produced, and the iron-cobalt magnetism powder which contains samarium like an example 1 was 
produced except having used this for the raw material. When the content ratio of the iron which expressed with 
the content, and cobalt/iron of the samarium to the transition-metals element (iron and cobalt) of this magnetic 
powder, and cobalt was measured with fluorescence X rays, it was 30/[ ** 5.7 atom % and ] 70 atomic ratio, 
respectively, moreover, grain size is lOnm when said magnetic powder is observed with a transmission electron 
microscope - it was the particle of the shape of granular thru/or an ellipse. Furthermore, 20.6 microwatts of b/g 
and coercive force of the saturation magnetization which impressed and measured the field of 16kOe were 
136.1 kA/m. 

[0106] «example 3» In the example 1, by changing the hydrothermal processing conditions at the time of 
cobalt ferrite particle composition in 260 degrees C and 4 hours, the cobalt ferrite particle with a grain size of 
20nm was produced, and samarium content iron-cobalt magnetism powder was produced like the example 1 
except having used this for the raw material. 

[0107] When the content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to 
the transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was measured with 
fluorescence X rays, it was 29/[ ** 5.4 atom % and ] 71 atomic ratio, respectively, moreover, grain size is 20nm 
when said magnetic powder is observed with a transmission electron microscope - it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 21.9 microwatts of b/g and coercive force of the saturation 
magnetization which impressed and measured the field of 16kOe were 123.3 kA/m. 

[0108] «example 4» lOg of cobalt ferrite particles compounded in the example 1 was suspended in 200g water. 
Nitric acid samarium 6 0.0118-mol monohydrate was added to this suspension, and it dissolved in it and 
stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.0354-mol sodium hydroxide in 
lOg water was added, and it stirred for 20 minutes. 

[0109] Samarium content iron cobalt magnetism powder was produced like the example 1 except it. 
[0110] When the content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to 
the transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was measured with 
fluorescence X rays, it was 28/[ ** 9.4 atom % and ] 72 atomic ratio, respectively, moreover, grain size is 15nm 
when said magnetic powder is observed with a transmission electron microscope - it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 20.3 microwatts of b/g and coercive force of the saturation 
magnetization which impressed and measured the field of 16kOe were 138.5 kA/m. 



JP-A-2002-056518 

[0111] «example 5» lOg of cobalt ferrite particles compounded in the example 1 was suspended in 200g water. 
Nitric-acid neodium 6 0.00726-mol monohydrate was added to this suspension, and it dissolved in it, and 
stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.02178-mol sodium hydroxide in 
lOg water was added, and it stirred for 20 minutes. 

[0112] Neodium content iron-cobalt magnetism powder was produced like the example 1 except it. 
[0113] When the content ratio of the iron which expressed with the content, and cobaltViron of the neodium to 
the transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was measured with 
fluorescence X rays, it was 29/[ ** 5.5 atom % and ] 71 atomic ratio, respectively, moreover, grain size is 15nm 
when said magnetic powder is observed with a transmission electron microscope - it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 21.5 microwatts of b/g and coercive force of the saturation 
magnetization which impressed and measured the field of 16kOe were 124.1 kA/m. 

[0114] «example 6» lOg of cobalt ferrite particles compounded in the example 1 was suspended in 200g water. 
Nitric-acid yttrium 6 0.00726-mol monohydrate was added to this suspension, and it dissolved in it, and stirred 
for 20 minutes. Furthermore, the water solution which dissolved the 0.02178-mol sodium hydroxide in lOg 
water was added, and it stirred for 20 minutes. 

[0115] Yttrium content iron-cobalt magnetism powder was produced like the example 1 except it. 
[0116] When the content ratio of the iron which expressed with the content, and cobalt/iron of ITTORIMU to the 
transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was measured with 
fluorescence X rays, it was 28/[ ** 5.6 atom % and ] 72 atomic ratio, respectively, moreover, grain size is 15nm 
when said magnetic powder is observed with a transmission electron microscope - it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 21.9 microwatts of b/g and coercive force of the saturation 
magnetization which impressed and measured the field of 16kOe were 120.2 kA/m. 

[0117] «example 7» lOg of cobalt ferrite particles compounded in the example 1 was suspended in 200g water. 
It changed into 0.00726 mols of nitric-acid samarium 6 monohydrates in an example 1, and samarium yttrium 
content iron-cobalt magnetism powder was produced like the example 1 except having made 0.00508 mols and 
nitric acid yttrium 6 monohydrate into 0.00218 mols for nitric-acid samarium 6 monohydrate. 
[0118] When the content ratio of the iron which expressed with the samarium and the yttrium to a 
transition-metals element (iron and cobalt), and cobalt/iron of this magnetic powder, and cobalt was measured 
with fluorescence X rays, it was 28/[ ** 3.8 atom %, 1.6 atoms %, and ] 72 atomic ratio, respectively, moreover, 
grain size is 15nm when said magnetic powder is observed with a transmission electron microscope - it was the 
particle of the shape of granular thru/or an ellipse. Furthermore, 21.5 microwatts of b/g and coercive force of the 
saturation magnetization which impressed and measured the field of 16kOe were 124.9 kA/m. 
[0119] «example 8» - the amount of cobalt nitrate 6 monohydrate used in an example 1 at the time of cobalt 
ferrite particle composition, and iron nitrate (III) 9 monohydrate used - respectively - 0.182 mols and 1.211 
mols - moreover, except for having changed the amount of the sodium hydroxide used into 4.00 mols - an 
example 1 - the same ■■ carrying out - the grain size of 18nm - the cobalt ferrite particle of the shape of 
granular thru/or an ellipse was obtained. 

[0120] lOg of this cobalt ferrite particle was suspended in 200g water. Nitric acid samarium 6 0.00726-mol 
monohydrate was added to this suspension like the example 1, and it dissolved in it, and stirred for 20 minutes. 
Furthermore, the water solution which dissolved the 0.02178-mol sodium hydroxide in lOg water was added, 
and it stirred for 20 minutes. Still like the example 1, it was made to rinse, filter and dry, heating reduction and 
stabilizing treatment were performed after heating this suspension, and samarium content iron-cobalt 
magnetism powder was produced. 

[0121] When the content ratio of the iron which expressed with the content, and the cobalt/iron of samarium to 
the transition-metals element in inside [ this ] magnetism powder (iron and cobalt), and cobalt was measured 
with fluorescence X rays, it was 13/[ ** 5.6 atom % and ] 87 atomic ratio, respectively, moreover, grain size is 
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18nm when this account magnetism powder is observed with a transmission electron microscope - it was the 
particle of the shape of granular thru/or an ellipse. Furthermore, 21.0 microwatts of b/g and coercive force of the 
saturation magnetization which impressed and measured the field of 16kOe were 120.2 kA/m. 
[0122] «example 9» lOg of cobalt ferrite particles compounded in the example 1 was suspended in 200g water. 
Nitric acid samarium 6 0.00223-mol monohydrate was added to this suspension, and it dissolved in it, and 
stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.0067-mol sodium hydroxide in 
lOg water was added, and it stirred for 20 minutes. 

[0123] Samarium content iron cobalt magnetism powder was produced like the example 1 except it. 
[0124] When the content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to 
the transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was measured with 
fluorescence X rays, it was 29/[ ** 1.7 atom % and ] 71 atomic ratio, respectively, moreover, grain size is 15nm 
when said magnetic powder is observed with a transmission electron microscope ■■ it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 22.7 microwatts of b/g and coercive force of the saturation 
magnetization which impressed and measured the field of 16kOe were 102.7 kA/m. 

[0125] «example 10» In the example 1, the addition of a cobalt nitrate and iron nitrate produced the cobalt 
ferrite particle with a grain size of 35nm in the hydrothermal processing conditions at the time of cobalt ferrite 
particle composition by making it the same, and changing the addition of a sodium hydroxide into 5.64 mols 
from 3.76 mols, and changing hydrothermal processing conditions at 280 degrees C in 4 hours. 
[0126] Like the example 1, lOg of this cobalt ferrite particle was used for the raw material, the samarium 
addition was made to be the same as that of an example 1, and subsequent conditions as well as an example 1 
produced samarium content iron-cobalt magnetism powder. 

[0127] The content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to the 
transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was 28/[ ** 5.1 atom % and ] 72 
atomic ratio, respectively, moreover, grain size is 35nm when said magnetic powder is observed with a 
transmission electron microscope - it was the particle of the shape of granular thru/or an ellipse. Furthermore, 
22.4 microwatts of b/g and coercive force of the saturation magnetization which impressed and measured the 
field of 16kOe were 104.2 kA/m. 

[0128] Example of «comparison 1» Without adding rare earth elements using the cobalt ferrite particle 

compounded in the example 1, heating reduction was carried out on the same conditions as an example 1, 

stabilizing treatment was performed further, and iron-cobalt magnetism powder was produced. 

[0129] When this iron-cobalt magnetism powder was observed with the transmission electron microscope, the 

particle was clearly condensed by sintering and it was distributed over the range where that grain size is also 

large from about 20nm to about 0.3 micrometers. Furthermore, 24.4 microwatts of b/g and coercive force of the 

saturation magnetization which impressed and measured the field of 16kOe were 9.5 kA/m. 

[0130] Example of «comparison 2» Without adding rare earth elements using the cobalt ferrite particle 

compounded in the example 8, heating reduction was carried out on the same conditions as an example 1, 

stabilizing treatment was performed further, and iron-cobalt magnetism powder was produced. 

[0131] When this iron-cobalt magnetism powder was observed with the transmission electron microscope, the 

particle was clearly condensed by sintering and it was distributed over the range where that grain size is also 

large from about 30nm to about 0.5 micrometers. Furthermore, 23.9 microwatts of b/g and coercive force of the 

saturation magnetization which impressed and measured the field of 16kOe were 7.2 kA/m. 

[0132] «example 11» In the example 1, in the hydrothermal processing conditions at the time of cobalt ferrite 

particle composition, the addition of a cobalt nitrate, iron nitrate, and a sodium hydroxide was made the same, 

and added 10ml of phosphonic acid TORIMECHIRU further. Hydrothermal processing conditions obtained the 

elliptical cobalt ferrite particle like the example 1. The magnitude of the die-length direction of this cobalt 

ferrite particle was 30nm. 
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[0133] Like the example 1, lOg of this cobalt ferrite particle was used for the raw material, the samarium 
addition was made to be the same as that of an example 1, and subsequent conditions as well as an example 1 
produced samarium content iron-cobalt magnetism powder. 

[0134] The content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to the 
transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was 27/[ ** 5.6 atom % and ] 73 
atomic ratio, respectively, moreover, the place which observed said magnetic powder with the transmission 
electron microscope - the grain size of 30nm - it was the particle of the shape of granular thru/or an ellipse. 
Furthermore, 21.1 microwatts of b/g and coercive force of the saturation magnetization which impressed and 
measured the field of 16kOe were 163.1 kA/m. 

[0135] «example 12» In the example 1, in the hydrothermal processing conditions at the time of cobalt ferrite 
particle composition, the addition of a cobalt nitrate, iron nitrate, and a sodium hydroxide was made the same, 
and added 30ml of phosphonic acid TORIMECHIRU further, and changed hydrothermal processing conditions 
from 4 hours at 220 degrees C in 260 degrees C and 4 hours. Other conditions obtained the elliptical cobalt 
ferrite particle like the example 1. The magnitude of the die-length direction of this cobalt ferrite particle was 
45nm. 

[0136] Like the example 1, lOg of this cobalt ferrite particle was used for the raw material, the samarium 
addition was made to be the same as that of an example 1, and subsequent conditions as well as an example 1 
produced samarium content iron-cobalt magnetism powder. 

[0137] The content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to the 
transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was 28/[ ** 5.3 atom % and ] 72 
atomic ratio, respectively, moreover, the place which observed said magnetic powder with the transmission 
electron microscope - the grain size of 45nm - it was the particle of the shape of granular thru/or an ellipse. 
Furthermore, 21.9 microwatts of b/g and coercive force of the saturation magnetization which impressed and 
measured the field of 16kOe were 153.6 kA/m. 

[0138] Example of «comparison 3» Without adding rare earth elements using the elliptical cobalt ferrite 
particle compounded in the example 11, heating reduction was carried out on the same conditions as an 
example 1, stabilizing treatment was performed further, and iron-cobalt magnetism powder was produced. 
[0139] When this iron-cobalt magnetism powder was observed with the transmission electron microscope, the 
particle was clearly condensed by sintering and it was distributed over the range where that grain size is also 
large from about 30nm to about 0.2 micrometers. Furthermore, 24.0 microwatts of b/g and coercive force of the 
saturation magnetization which impressed and measured the field of 16kOe were 46.2 kA/m. 
[0140] Example of «comparison 4» Without adding rare earth elements using the cobalt ferrite particle 
compounded in the example 12, heating reduction was carried out on the same conditions as an example 1, 
stabilizing treatment was performed further, and iron-cobalt magnetism powder was produced. 
[0141] When this iron-cobalt magnetism powder was observed with the transmission electron microscope, the 
particle was clearly condensed by sintering and it was distributed over the range where that grain size is also 
large from about 50nm to about 0.5 micrometers. Furthermore, 25.8 microwatts of b/g and coercive force of the 
saturation magnetization which impressed and measured the field of 16kOe were 26.3 kA/m. 
[0142] «example 13» lOg of cobalt ferrite particles compounded in the example 11 was suspended in 200g 
water. Nitric-acid samarium 6 0.00223-mol monohydrate was added to this suspension, and it dissolved in it, 
and stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.00669-mol sodium hydroxide 
in lOg water was added, and it stirred for 20 minutes. 

[0143] Samarium content iron-cobalt magnetism powder was produced like the example 1 except it. 
[0144] When the content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to 
the transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was measured with 
fluorescence X rays, it was 27/[ ** 1.6 atom % and ] 73 atomic ratio, respectively, moreover, the place which 
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observed said magnetic powder with the transmission electron microscope - the grain size of 30nm - it was the 
particle of the shape of granular thru/or an ellipse. Furthermore, 22.1 microwatts of b/g and coercive force of the 
saturation magnetization which impressed and measured the field of 16kOe were 138.5 kA/m. 
[0145] «example 14» lOg of cobalt ferrite particles compounded in the example 11 was suspended in 200g 
water. Nitric-acid samarium 6 0.0118-mol monohydrate was added to this suspension, and it dissolved in it, and 
stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.0354-mol sodium hydroxide in 
lOg water was added, and it stirred for 20 minutes. 

[0146] Samarium content iron-cobalt magnetism powder was produced like the example 1 except it. 
[0147] The content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to the 
transition-metals element (iron and cobalt) investigated with the fluorescence X rays of this magnetic powder, 
and cobalt was 27/[ ** 9.3 atom % and ] 73 atomic ratio, respectively, moreover, the place which observed said 
magnetic powder with the transmission electron microscope - the grain size of 30nm - it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 21.0 microwatts of b/g and coercive force of the saturation 
magnetization which impressed and measured the field of 16kOe were 174.2 kA/m. 

[0148] «example 15» lOg of cobalt ferrite particles compounded in the example 11 was suspended in 200g 
water. Nitric acid neodium 6 0.00881-mol monohydrate was added to this suspension, and it dissolved in it, and 
stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.02643-mol sodium hydroxide in 
lOg water was added, and it stirred for 20 minutes. 

[0149] Neodium content iron-cobalt magnetism powder was produced like the example 1 except it. 
[0150] The content ratio of the iron which expressed with the content, and cobalt/iron of the neodium to the 
transition-metals element (iron and cobalt) investigated with the fluorescence X rays of this magnetic powder, 
and cobalt was 27/[ ** 7.0 atom % and ] 73 atomic ratio, respectively, moreover, the place which observed said 
magnetic powder with the transmission electron microscope - the grain size of 30nm - it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 21.9 microwatts of b/g and coercive force of the saturation 
magnetization which impressed and measured the field of 16kOe were 165.2 kA/m. 

[0151] «example 16» lOg of cobalt ferrite particles compounded in the example 11 was suspended in 200g 
water. Nitric acid neodium 6 0.00223-mol monohydrate was added to this suspension, and it dissolved in it, and 
stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.00669-mol sodium hydroxide in 
lOg water was added, and it stirred for 20 minutes. 

[0152] Neodium content iron -cobalt magnetism powder was produced like the example 1 except it. 
[0153] The content ratio of the iron which expressed with the content, and cobalt/iron of the neodium to the 
transition-metals element (iron and cobalt) investigated with the fluorescence X rays of this magnetic powder, 
and cobalt was 28/[ ** 1.9 atom % and ] 72 atomic ratio, respectively, moreover, the place which observed said 
magnetic powder with the transmission electron microscope - the grain size of 30nm - it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 22.0 microwatts of b/g and coercive force of the saturation 
magnetization which impressed and measured the field of 16kOe were 136.1 kA/m. 

[0154] «example 17» lOg of cobalt ferrite particles compounded in the example 11 was suspended in 200g 
water. Nitric acid yttrium 6 0.00434-mol monohydrate was added to this suspension, and it dissolved in it, and 
stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.01302-mol sodium hydroxide in 
lOg water was added, and it stirred for 20 minutes. 

[0155] Yttrium content iron -cobalt magnetism powder was produced like the example 1 except it. 
[0156] The content ratio of the iron which expressed with the content, and cobalt/iron of the yttrium to the 
transition-metals element (iron and cobalt) investigated with the fluorescence X rays of this magnetic powder, 
and cobalt was 27/[ ** 3.5 atom % and ] 73 atomic ratio, respectively, moreover, the place which observed said 
magnetic powder with the transmission electron microscope - the grain size of 30nm - it was the particle of the 
shape of granular thru/or an ellipse. Furthermore, 21.6 microwatts of b/g and coercive force of the saturation 
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magnetization which impressed and measured the field of 16kOe were 152.0 kA/m. 

[0157] «example 18» lOg of cobalt ferrite particles compounded in the example 11 was suspended in 200g 
water. Nitric-acid yttrium 6 0.0118-mol monohydrate was added to this suspension, and it dissolved in it, and 
stirred for 20 minutes. Furthermore, the water solution which dissolved the 0.0354-mol sodium hydroxide in 
lOg water was added, and it stirred for 20 minutes. 

[0158] Yttrium content iron-cobalt magnetism powder was produced like the example 1 except it. 
[0159] The content ratio of the iron which expressed with the content, and cobalt/iron of the yttrium to the 
transition-metals element (iron and cobalt) investigated with the fluorescence X rays of this magnetic powder, 
and cobalt was 26/[ ** 9.4 atom % and ] 74 atomic ratio, respectively. Moreover, when said magnetic powder was 
observed with the transmission electron microscope, it was the particle of the shape of an ellipse with a grain 
size of 30nm. Furthermore, 21.0 microwatts of b/g and coercive force of the saturation magnetization which 
impressed and measured the field of 16kOe were 167.9 kA/m. 

[0160] «example 19» lOg of cobalt ferrite particles compounded in the example 11 was suspended in 200g 
water. Nitric-acid yttrium 6 monohydrate of 0.00218 mol of nitric-acid samarium 6 monohydrate TO of 0.00508 
was added to this suspension, and it dissolved in it, and stirred for 20 minutes. Furthermore, the water solution 
which dissolved the 0.02178-mol sodium hydroxide in lOg water was added, and it stirred for 20 minutes. 
[0161] Samarium -yttrium content iron-cobalt magnetism powder was produced like the example 1 except it. 
[0162] The content of the samarium and the yttrium to the transition-metals element (iron and cobalt) 
investigated with the fluorescence X rays of this magnetic powder and the content ratio of the iron which 
expressed with cobalt/iron, and cobalt were 27/[ ** 3.9 atom %, 1.7 atoms %, and ] 73 atomic ratios, respectively, 
moreover, the place which observed said magnetic powder with the transmission electron microscope - the 
grain size of 30nm - it was the particle of the shape of granular thru/or an ellipse. Furthermore, 21.6 
microwatts of b/g and coercive force of the saturation magnetization which impressed and measured the field of 
16kOe were 175.1 kA/m. 

[0163] «example 20» - the amount of cobalt nitrate 6 monohydrate used in an example 1 in the 
hydrothermal processing conditions at the time of cobalt ferrite particle composition at the time of cobalt ferrite 
particle composition, and iron nitrate (III) 9 monohydrate used - respectively - 0.182 mols and 1.211 mols - 
moreover, the amount of the sodium hydroxide used was changed into 4.00 mols, and 10ml of phosphonic acid 
TORIMECHIRU was added still like the example 11. Hydrothermal processing conditions obtained the 
elliptical cobalt ferrite particle like the example 1. The magnitude of the die-length direction of this cobalt 
ferrite particle was 35nm. 

[0164] Like the example 1, lOg of this cobalt ferrite particle was used for the raw material, the samarium 
addition was made to be the same as that of an example 1, and subsequent conditions as well as an example 1 
produced samarium content iron-cobalt magnetism powder. 

[0165] The content ratio of the iron which expressed with the content, and cobalt/iron of the samarium to the 
transition-metals element (iron and cobalt) of this magnetic powder, and cobalt was 13/[ ** 5.7 atom % and ] 87 
atomic ratio, respectively, moreover, the place which observed said magnetic powder with the transmission 
electron microscope - the grain size of 35nm - it was the particle of the shape of granular thru/or an ellipse. 
Furthermore, 21.1 microwatts of b/g and coercive force of the saturation magnetization which impressed and 
measured the field of 16kOe were 156.8 kA/m. 

[0166] «example 21» In the example 1, a cobalt nitrate was not used, but except having changed the amount 
of iron nitrate (III) 9 monohydrate used into 1.393 mols, it was made to be the same as that of an example 1, 
and the magnetite particles with a grain size of 20nm which have the shape of granular thru/or an ellipse were 
obtained. 

[0167] Like the example 1, lOg of these magnetite particles was used for the raw material, the samarium 
addition was made to.be the same as that of an example 1, and subsequent processing conditions as well as an 
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example 1 produced samarium content ferromagnetism powder. 

[0168] The content ratio of samarium to the transition-metals element (iron) of this magnetic powder is ** 5.8 
atom %, respectively, moreover, the place which observed said magnetic powder with the transmission electron 
microscope - the grain size of 20nm ■ it was the particle of the shape of granular thru/or an ellipse. 
Furthermore, 20.2 microwatts of b/g and coercive force of the saturation magnetization which impressed and 
measured the field of 16kOe were 83.6 kA/m. 

[0169] «example 22» In the example 1, a cobalt nitrate was not used but the amount of iron nitrate (III) 9 
monohydrate used was changed into 1.393 mols. The addition of a sodium hydroxide was made the same and 
added 10ml of phosphonic acid TORIMECHIRU further. Hydrothermal processing conditions obtained elliptical 
magnetite particles like the example 1. The magnitude of the die-length direction of these magnetite particles 
was 30nm. 

[0170] Like the example 1, lOg of these magnetite particles was used for the raw material, the samarium 
addition was made to be the same as that of an example 1, and subsequent conditions as well as an example 1 
produced samarium content ferromagnetism powder. 

[0171] The content of the samarium to the transition-metals element (iron) of this magnetic powder was 5.7 
atoms %. moreover, the place which observed said magnetic powder with the transmission electron microscope 
-- the grain size of 30nm - it was the particle of the shape of granular thru/or an ellipse. Furthermore, 19.5 
microwatts of b/g and coercive force of the saturation magnetization which impressed and measured the field of 
16kOe were 117.8 kA/m. 

[0172] The rare-earth-elements content, and the cobalt / iron ratio to a transition-metals element (iron, cobalt, 

or iron), the particle shape, grain size, and magnetic properties of the magnetic powder manufactured in 

examples 122 and the examples 14 of a comparison are shown in a table 1. 

[0173] 
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[0174] < - a magnetic tape production ->-<--< - an example - 23 - 33 - a comparison - an example - five 

■ ten -->--> - « - an example ** 23 - » - the following - an under coat - ** - a coating - a component - a 
kneader having kneaded - after - a sand mill - the residence time - 60 - a minute - ** having carried out 

■ distributed processing carrying out ■ this - the poly isocyanate 6 section - adding churning filtration - 
carrying out - the coating for under coats - having prepared . Apart from this, after kneading the following 
magnetic coating component (l) with a kneader, the residence time was distributed as 45 minutes by the sand 
mill, the following magnetic coating component (2) was added to this, churning filtration was carried out, and 
the magnetic coating was prepared. 

[0175] 

<Coating component for under coats> Titanium oxide powder (grain size: 0.035 micrometers) The 70 sections 
Titanium oxide powder (grain size: 0.1 micrometers) The ten sections Carbon black (grain size: 0.075 
micrometers) The 20 sections Vinyl chloride system copolymer The ten sections (content-S03Na radical : 0.7x10 
■ 4Eq/(g)) 

Polyester polyure thane resin The five sections (content-S03Na radical : 1.0x10 - 4Eq/(g)) 

A methyl ethyl ketone The 130 sections Toluene The 80 sections A myristic acid The one section Butyl stearate 
The 1.5 sections Cyclohexanone The 65 sections [0176] 

<Magnetic coating component (l)> Samarium content iron-cobalt magnetism powder manufactured in the 
example 1 The 100 sections (the shape of an ellipse [ 15nm, particle shape: 125.7 kA/m, saturation 
magnetization: Coercive force : 21.6 microwatts b/g, grain size : granular or ]) 

Vinyl chloride hydroxypropyl acrylate copolymer The eight sections (contentS03Na radical : 0.7x10 ■ 4Eq/(g)) 
Polyester polyurethane resin The four sections (contentS03Na radical : 1.0x10 ■ 4Eq/(g)) 

alpha-alumina (grain size: 0.4 micrometers) The ten sections Carbon black (grain size: lOOnm) The 1.5 sections 
A myristic acid The 1.5 sections Methyl ethyl ketone The 133 sections Toluene The 100 sections [0177] 
<A magnetic coating component (2)> Stearin acid The 1.5 sections The poly isocyanate The four sections 
Cyclohexanone The 133 sections Toluene The 33 sections [0178] The polyethylene terephthalate film which is a 
nonmagnetic base material about the above-mentioned coating for under coats (105 degrees C and the rate of a 
heat shrink for 30 minutes 0.8% in a lengthwise direction) In a longitudinal direction, it applies to 0.6% so that 
the thickness of the under coat after desiccation and calender processing may be set to 2 micrometers. It 
applied impressing the field of 0.3T to a longitudinal direction so that the thickness of the magnetic layer after 
desiccation and calender processing may be set to 0.13 micrometers in the further above-mentioned magnetic 
coating besides, and dried. 

[0179] Next, with the forming face of the under coat of this nonmagnetic base material, and a magnetic layer, 
the coating for back coat layers was applied to the reverse side side so that the thickness of the back coat layer 
after desiccation and calender processing might be set to 0.7 micrometers, and it dried. After a sand mill 
distributes the following coating component for back coat layers in residence time 45 minutes, the coating for 
back coat layers adds the poly isocyanate 8.5 section, carries out churning filtration, and is prepared. 
[0180] 

<The coating component for back coat layers> Carbon black (grain size: 25nm) The 40.5 sections Carbon black 
(grain size: 370nm) The 0.5 sections A barium sulfate The 4.05 sections A nitrocellulose The 28 sections 
Polyurethane resin (S03Na radical content) The 20 sections Cyclohexanone The 100 sections Toluene The 100 
sections Methyl ethyl ketone The 100 sections [0181] Thus, the obtained magnetic sheet was 
mirror-plane -ization-processed in the five-step calender (temperature of 70 degrees C, linear pressure 147 
kN/m), and where this is wound around a sheet core, it aged under 60 degrees C and 40%RH for 48 hours. Then, 
judging to 3.8mm width of face, and making it run this by part for 100m/, the magnetic layer front face was 
ground with the ceramic wheel (+150% of revolution measure, 30 degrees of contact angles), and the magnetic 
tape with a die length of 125m was produced. This magnetic tape was built into the cartridge and it considered 
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as the tape for computers. 

[0182] «example 24» The magnetic tape was produced like the example 23 except having changed the 

thickness of the magnetic layer after desiccation and calender processing into 0.25 micrometers. 

[0183] «example 25» The magnetic tape was produced like the example 23 except having changed the 

thickness of the magnetic layer after desiccation and calender processing into 0.08 micrometers. 

[0184] «example 26» It sets in the example 23 and is the samarium content iron-cobalt magnetism powder 

(coercive force- m 163. lkA /) of an example 11 as magnetic powder, saturation magnetization- 

21.1microwattb/g } grain size'30nm, and particle shape:, while using the shape of granular thru/or an ellipse 

The magnetic tape was produced by forming a magnetic layer on an under coat and forming a back coat layer 

further like an example 23, except having changed the thickness of the magnetic layer after desiccation and 

calender processing into 0.17 micrometers. 

[0185] «example 27» In the example 26, the magnetic tape was produced like the example 26 except having 
changed the thickness of the magnetic layer after desiccation and calender processing into 0.10 micrometers. 
[0186] «example 28» In the example 26, the magnetic tape was produced like the example 26 except having 
changed the thickness of the magnetic layer after desiccation and calender processing into 0.06 micrometers. 
[0187] «example 29» It sets in the example 23 and they are the samarium of an example 7, and yttrium 
content iron-cobalt magnetism powder (coercive force: 124.9 kA/m) as magnetic powder, saturation 
magnetization: - 21.5microwattb/g, grahvsize:15nm } and particle shape:, while using the shape of granular 
thru/or an ellipse The magnetic tape was produced by forming a magnetic layer on an under coat and forming a 
back coat layer further like an example 23, except having changed the thickness of the magnetic layer after 
desiccation and calender processing into 0.14 micrometers. 

[0188] «example 30» It sets in the example 23 and is the samarium content ferromagnetism powder (coercive 
force: m 117. 8kA /) of an example 22 as magnetic powder, saturation magnetization: - 19.5microwattb/g, 
grahrsize:30nm, and particle shape:, while using the shape of granular thru/or an ellipse The magnetic tape 
was produced by forming a magnetic layer on an under coat and forming a back coat layer further like an 
example 23, except having changed the thickness of the magnetic layer after desiccation and calender 
processing into 0.13 micrometers. 

[0189] «example 31» In the example 23, it applied without performing field orientation processing so that 
the thickness of the magnetic layer after desiccation and calender processing may be set to 0.12 micrometers, 
and the magnetic tape was produced like the example 15 except having dried. 

[0190] That is, in order to obtain a high square shape ratio from an example 23 to a longitudinal direction in the 
example 30, field orientation processing was performed to the longitudinal direction, but in this example, it 
applied without performing field orientation processing also including a longitudinal direction and a 
perpendicular direction in order to obtain a comparable square shape ratio in all the directions. Since the usual 
magnetic powder is carrying out the needlelike configuration, even if it does not perform metaphor field 
orientation processing, orientation of it will be carried out to a longitudinal direction somewhat mechanically. 
On the other hand, since the magnetic powder of this invention is carrying out the granular **** ellipse-like 
configuration, it cannot be easily influenced of mechanical orientation and can obtain a comparable square 
shape ratio in all the directions easily. 

[0191] «example 32» In the example 23, it applied impressing the field of 0.3T perpendicularly so that the 
thickness of the magnetic layer after desiccation and calender processing may be set to 0.17 micrometers, and 
the magnetic tape was produced like the example 23 except having dried. 

[0192] That is, it was for having applied without having performed field orientation processing to the 
longitudinal direction in order to obtain a high square shape ratio from an example 23 to a longitudinal 
direction in the example 30, and performing field orientation processing, in order to obtain a comparable square 
shape ratio in all the directions in the example 31, but in this example, field orientation processing was 
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perpendicularly performed in order to obtain a high square shape ratio perpendicularly. The usual magnetic 
powder had the problem on which a magnetic layer front face deteriorates remarkably, as a result of locating a 
needlelike particle in a line with an under coat side perpendicularly if a field is impressed perpendicularly since 
the needlelike configuration is carried out. On the other hand, since the magnetic powder of this invention is 
carrying out the granular **** ellipse-like configuration and it does not almost have an anisotropy over a 
configuration, even if it carries out vertical orientation, it has the description from which good front-face nature 
without a longitudinal orientation medium and inferiority is obtained. 

[0193] «example 33» - the magnetic coating (magnetic powder: samarium content iron-cobalt magnetism 
powder -•) same [ without using an undercoat] as what was used in the example 26 Coercive force : 163.1 kA/m, 
saturation magnetization:21.1microwattb/g, grainsize:30nm, Particle shape: The magnetic tape was produced 
like [ except having used the shape of an ellipse, having applied, impressing the field of 0.3T to a longitudinal 
direction so that the thickness of the magnetic layer after desiccation and calender processing may be directly 
set to 0.55 micrometers on a base film, and having dried ] the example 23 granular. 

[0194] Example of «comparison 5» The magnetic tape was produced like the example 23 except having 
changed so that needlelike Fe-Co alloy magnetism powder (coercive force [ Co/Fe:24.6 % of the weight 
and ]:189.4 kA/m, saturationmagnetization:l8.3microwattb/g, diameter: [ of an average major axis]l50nm, an 
axial ratio: 5) might be used as magnetic powder in a magnetic coating component and the thickness of the 
magnetic layer after desiccation and calender processing might be set to 0.50 micrometers. 

[0195] Example of «comparison 6» The magnetic tape was produced like the example 5 of a comparison 
except having changed the thickness of the magnetic layer after desiccation and calender processing into 0.35 
micrometers. 

[0196] Example of «comparison 7» The magnetic tape was produced like the example 5 of a comparison 
except having changed the thickness of the magnetic layer after desiccation and calender processing into 0.20 
micrometers. 

[0197] Example of «comparison 8» The magnetic tape was produced like the example 23 except having 
changed so that the iron-cobalt magnetism powder (coercive force: 9.5kA [ m ] /, saturation 
magnetization:24.4microwattb/g, grainsize:20-300nm) of the example 1 of a comparison might be used and the 
thickness of the magnetic layer after desiccation and calender processing might be set to 1.1 micrometers as 
magnetic powder in a magnetic coating component. 

[0198] Example of «comparison 9» The magnetic tape was produced like the example 23 except having 
changed so that the iron-cobalt magnetism powder (coercive force: 46.2kA [ m ] /, saturation 
magnetization:24.0microwattb/g, grainsize:30-200nm) of the example 3 of a comparison might be used and the 
thickness of the magnetic layer after desiccation and calender processing might be set to 0.9 micrometers as 
magnetic powder in a magnetic coating component. 

[0199] example of «comparison 10» - Fe-Co alloy magnetism powder (Co/Fe: - 24.6% of the weight) 
needlelike as magnetic powder in a magnetic coating component Coercive force : 189.4 kA/m, saturation 
magnetization: 18. 3microwattb/g, diameter:of average major axisl50nm, Axial ratio: 5 was used, and it applied, 
impressing the field of 0.3T to a longitudinal direction so that an under coat may not be prepared but the 
thickness of the magnetic layer after desiccation and calender processing may be directly set to 0.58 
micrometers on a base film, and the magnetic tape was produced like the example 23 except having dried. 
[0200] Coercive force (He), saturation magnetic flux density (Bm), a remanence ratio (Br/Bm), and anisotropy 
field distribution (Ha) were measured as magnetic properties about the above-mentioned examples 23 33 and 
the example 5 of a comparison - 10 each magnetic tape. Anisotropy field distribution measured the differential 
curve of the 2nd quadrant (demagnetization curve) of the hysteresis curve of a tape, and showed it with the 
value which broke the field equivalent to the half-value width of this differential curve by the value of the 
coercive force of that tape. That is, especially the recording characteristic in short wavelength becomes good, so 
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that Ha is small, when Ha becomes small, so that distribution and orientation of the magnetic powder in the 
inside of a tape were so good that coercive force distribution of magnetic powder was narrow, and the same 
coercive force compares. 

[0201] Moreover, using the DDS drive made from Hewlett Packard (C1554A) as a magnetic parametric 
performance, the random data signal with a shortest record wavelength of 0.33 micrometers was recorded after 
5 times transit under the conditions of 40 degrees C and 5%RH, and the block error rate (BER) was measured 
with the block error rate measuring device. These measurement results were shown in the following table 2 



with the thickness of the magnetic layer of each magnetic tape. 

[0202] 

[A table 2] 







in m) 


CkA/n) 




ft Sit (A*) 
(Br/Bn) 


(Br/Bn) 


#46 (Hi) 


RPR 




Sm~Fe-Co 


0.13 


138. 3 


0. 408 


0. 82 




0.55 


0.9XE"" 


mvmu 


Sm-Pe-Co 


0.25 


133. 7 


0.419 


0. 84 


— 


0.53 


l.OXE"' 8 




Sa-Fe-Co 


0.08 


140. 1 


0. 388 


0.82 




0.57 


l.JXE"" 


£»W26 


Sm-Fe-Co 


0.17 


164.3 


0. 397 


0. 88 




0. 49 


0.8XE -08 




Sm-Fe-Co 


0.10 


167. 5 


0, 391 


0. 87 




0.47 


0. 7 X E ~" 


HJfe«28 


Sm-Fe-Co 


0.06 


167.9 


0. 379 


0.85 




0.48 


1.8XE"" 


mmmis 


Sm-Fe-Co 


0.14 


135. 5 


0. 399 


0.83 




0.53 


1.0XE - " 


mmtmo 


So-Fe 


0.13 


119.0 


0. 366 


0. 85 




0.66 


3.4XE-' a 


nmmn 


Sm-Fe-Co 


0.12 


122.6 


0.410 


0. 63 


0.62 


0.68 


8.6XE" W 


mm&m 


Sm-Fe-Co 


0.17 


93.5 


0. 396 


0.41 


I 0.77 


0. 60 


0.9XE"" 




Sn-Fe-Co 


0.55 


166.0 


0.399 


0.87 




0.55 


9.0XE" ua 




0.50 


183.8 


0.395 


0.83 




0.61 


1. 6XE" CJ 




0.35 


183.0 


0. 373 


0.82 




0.61 


3.8xE" ra 




0.20 


179.9 


0. 352 


0. 80 




0.65 


7.0XE - " 




Fe-Co 


1. 1 


2Z.7 


0.316 


0. 60 




1.0< 


lXE-"< 




Fe-Co 


0.9 


55.0 


0.333 


0.67 




1.0< 


lXE-"< 




0.58 


186.2 


0. 390 


0.85 




0.63 


7.2XE" 01 



[0203] From the result of the above mentioned table 1 5 each magnetic tape of an example is understood that 
anisotropy field distribution is small compared with each magnetic tape of the example of a comparison. The 
block error rate which is furthermore a magnetic parametric performance as the result is small, and it turns 
out that it excels in dependability more. It carries out, it is, though it is an ellipse-like configuration, the 
granular high coercive force based on an optically uniaxial crystal magnetic anisotropy is shown, and although 
the magnetic powder which consists of transition metals, such as the rare earth, such as samarium, and 
neodium, an yttrium, and iron which were used in the example, and cobalt, is a particle very much, it shows 
high saturation magnetization, and this result originates in excelling also in high restoration nature further. 
[0204] Although the magnetic-recording medium by which the above-mentioned result used the magnetic 
powder of this invention shows the recording characteristic which was clearly excellent compared with the 
magnetic-recording medium using the conventional needlelike magnetic powder when the same magnetic layer 
thickness compares If it becomes thin with 0.3 micrometers or less, the effectiveness will increase the thickness 
of a magnetic layer further, it is called 0.08 micrometers (example 25) and especially 0.10 micrometers (example 
27), and lowering of a property is hardly accepted also as ultra-thin, but the block error rate is stopped small. 
Thus, as for the magnetic-recording medium using the rare earth-iron-boron system magnetism powder of this 
invention, it turns out that especially the power will be demonstrated if the magnetic layer thickness is set to 
0.3 micrometers or less. This is based on particle shape peculiar to the magnetic powder of this invention, and 
grain size. 

[0205] Moreover, although a block error rate is inferior compared with the tape (examples 23 29) which carried 
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out longitudinal orientation, this depends for each tape (example 32) which was made to carry out vertical 
orientation to the tape (example 31) manufactured without field orientation using the magnetic powder of this 
invention, and was manufactured on the recording density to measure or the configuration of a medium. For 
example, with a high recording density field or a disc-like gestalt, these demonstrate the outstanding property 
further. Anyway, the magnetic powder of this invention does not have relation in the existence or the direction 
of field orientation of field orientation, and it is clear its to demonstrate the property which was excellent 
compared with the magnetic-recording medium using the conventional needlelike magnetic powder. 
[0206] on the other hand, example of comparison 5" which used needlelike magnetic powder - in each magnetic 
tape of 7 and 10, if thickness of a magnetic layer is made thinner than 0.3 micrometers (example 7 of a 
comparison), a block error rate will deteriorate compared with what was made thicker than this (example 6 of a 
comparison). As a result of existence of magnetic powder which distribution in a magnetic layer has 
distribution and is projected from a magnetic layer front face with needlelike magnetic powder, this is because 
the surface smooth nature of a magnetic layer is spoiled, and is a problem fatal to needlelike magnetic powder. 
On the other hand, if the thickness of a magnetic layer makes it thin using needlelike magnetic powder from 
about (example 5 of a comparison) 0.5 micrometers to about (example 6 of a comparison) 0.3 micrometers, a 
block error rate will improve clearly. However, also in this tape, a property is inferior compared with the 
magnetic tape of the example which set magnetic layer thickness to 0.3 micrometers or less. This is a 
phenomenon peculiar to a longitudinal record medium, and when the thickness of a magnetic layer becomes 
thick, it is for various kinds of demagnetization to arise. 

[0207] Since the tape (examples 8 and 9 of a comparison) using the magnetic powder which consists only of iron 
which does not contain rare earth elements, and cobalt on the other hand has large grain-size distribution of 
coercive force being not only low but magnetic powder, a block error rate worsens [ frequency characteristics ] 
remarkably bad. 

[0208] <The < examples 34-37, example of comparison 11» [0209] «example 34» After kneading the 
following coating component for under coats with a kneader, distributed processing which made the residence 
time 50 minutes by the sand mill was performed, the poly isocyanate 6 section was added to this, churning 
filtration was carried out, and the coating for under coats was prepared. 
[0210] 

<Coating component for under coats> alpha iron oxide (average major-axis length: 0.14 micrometers, average 
needlelike ratio : 7) The 65 sections Granular alpha-alumina (grain size: 0.4 micrometers) The ten sections 
Carbon black (grain size: 0.024 micrometers) The 18 sections Carbon black (grain size: 0.075 micrometers) The 
7 section Vinyl chloride vinyl acetate-vinyl alcohol copolymerization resin The 16 sections (content-S03Na 
radical : 0.7x10 - 4Eq/(g)) 

Polyurethane resin (content-S03Na radical : 1x10 - 4Eq/(g)) The seven sections Oleic acid oleyl (melting point: 0 
degree C or less) The six sections Stearin acid n butyl (melting point: 28 degrees C) The two sections 
Cyclohexanone The 200 sections Methyl ethyl ketone The 200 sections [0211] The magnetic coating was 
prepared like the example 23 using the same magnetic coating (the samarium content iron-cobalt magnetism 
powder of an example 1, coerciveforce:l25.7 kA/m, saturationmagnetization:21.6microwattb/g, 
grain-size: 15nm, particle shape: the shape of granular thru/or an ellipse) as the <magnetic coating component> 
example 23. 

[0212] The above-mentioned coating for under coats was applied to the polyamide film with a thickness of 4 
micrometers which is a nonmagnetic base material so that the thickness of the under coat after desiccation and 
calender processing might be set to 2 micrometers, and to the inside of a damp or wet condition, it applied on 
this under coat, impressing the field of 0.3T to a longitudinal direction so that the thickness of the magnetic 
layer after desiccation and calender processing may be set to 0.20 micrometers in the magnetic coating of 
further the above [ an under coat], and dried. 
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[0213] Next, with the forming face of the under coat of this nonmagnetic base material, and a magnetic layer, 
like the example 23, the coating for back coat layers was applied to the reverse side side so that the thickness of 
the back coat layer after desiccation and calender processing might be set to 0.7 micrometers, and it dried. 
[0214] Thus, the obtained magnetic sheet was mirror-plane -ization-processed in the five-step calender 
(temperature of 70 degrees C, linear pressure 147 kN/m), and where this is wound around a sheet core, it aged 
under 60 degrees C and 40%RH for 48 hours. Then, judging to 3.8mm width of face, and making it run this by 
part for 100m/, the magnetic layer front face was ground with the ceramic wheel (+120% of revolution measure, 
30 degrees of contact angles), and the magnetic tape with a die length of 125m was produced. This magnetic 
tape was built into the cartridge and it considered as the tape for computers. 

[0215] «example 35» While using the samarium content iron-cobalt magnetism powder (the shape of an 
ellipse [ 30nm, particle shape: 163.1 kA/m, saturation magnetization: Coercive force : 21.1 microwatts b/g, grain 
size : granular or ]) manufactured in the example 11 as magnetic powder in a magnetic coating component, the 
magnetic coating was prepared like the example 23 except having considered as for [ by the sand mill after 
kneading by the kneader / residence-time ] 30 minutes. The tape for computers was obtained like the example 
34 except using this magnetic coating and the five-step calender (temperature of 80 degrees C, linear pressure 
118 kN/m) having been made to perform mirror planeized processing after the back coat stratification. 
[0216] «example 36» In production of the magnetic tape of an example 34 as inorganic powder of the coating 
component for under coats Instead of the alpha-iron-oxide (average major-axis length: 0.14-micrometer, 
average needlelike ratio : 7) 65 section A magnetic sheet is produced using the titanium oxide powder (grain 
size: 0.08 micrometers) 65 section, using the residence time of an under coat coating component as 60 minutes. 
The tape for computers was obtained like the example 34 except having mirror plane- ization processed the 
obtained magnetic sheet in the five-step calender (temperature of 80 degrees C, linear pressure 245 kN/m). 
[0217] «example 37» The magnetic coating was prepared like the example 23 except having used 
manufacturing^ example 7 samarium, and yttrium content iron-cobalt magnetism powder (the shape of an 
ellipse [ 15nm, particle shape: 124.9 kA/m, saturation magnetization: Coercive force : 21.5 microwatts b/g, grain 
size : granular or 1) as magnetic powder in a magnetic coating component. This magnetic coating was used and 
the tape for computers was obtained like the example 34. 

[0218] example of «comparison 11» - the samarium content ferromagnetism powder (Sm/Fe:5.1 atom % --) 
which made the configuration needlelike as magnetic powder in production of the magnetic tape of an example 
23 Coercive force: While using 151.8 kA/m, saturation magnetization: 18. 3microwattb/g, grain- size :i00nm, a 
particle shape:needle, and axial ratio:5, the magnetic coating was prepared like the example 23 except having 
made the residence time by the sand mill of kneading by the kneader into 30 minutes. This magnetic coating 
was used and the tape for computers was obtained like the example 34. 

[0219] In addition, the above-mentioned "samarium content ferromagnetism powder which made the 
configuration needlelike" used in this example of a comparison Distribute a needlelike goethite (alpha FeOOH) 
particle in the water solution of a samarium salt, and the manufacture approach of the magnetic powder of this 
invention explained in said example is applied. The hydroxide of samarium is made to adhere to the front face 
of a goethite particle with an alkali solution, and after heat-treating at 300 degrees C after rinsing, filtration, 
and desiccation and among nitrogen gas after that, it returns among hydrogen gas and manufactures. In 
addition, it manufactures again except addition ****** of the needlelike goethite which is starting material, 
and samarium about the "needle-like samarium content ferromagnetism powder" used in the after-mentioned 
example 12 of a comparison as well as the above. 

[0220] The P-V value was calculated by the approach of this publication using the optical interference type 
three-dimensions surface roughness meter (T0PO3D) of the magnetic layer side of each tape for computers of 
the above examples 34-37 and the example 11 of a comparison. 

[0221] Moreover, peak of a playback amplifier output [ in / using the DDS drive same as a short wavelength 
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output as the equipment used for block error rate measurement made from Hewlett Packard (C1554A) / record 
wavelength with a shortest record wavelength of 0.49 micrometers ] to The peak value was measured with the 
oscilloscope. Measured value made 100% the tape for computers of the example 11 of a comparison, and showed 
it by the relative value. With the property of each magnetic tape, these results were shown in the following 
table 3. 
[0222] 
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[0223] In each computer tape of examples 34-37, when the P-V value is setting to 50nm or less with the optical 
interference type three dimensions surface roughness plan using the magnetic powder of this invention shows 
that the output which was excellent also in short wavelength record is obtained so that clearly from the result 
of the above-mentioned table 3. On the other hand, in the magnetic tape of the example 11 of a comparison, 
since magnetic powder becomes an under coat with rough ****** about a projection and a magnetic layer front 
face at the time of orientation while becoming easy to produce condensation of magnetic powder at the time of 
distribution, since the configuration is needlelike though it is the ferromagnetism powder containing samarium 
equivalent to an example also with magnetic layer thickness and coercive force, smooth nature falls and it 
becomes low-power output. When magnetic layer thickness considers as a thin layer magnetic layer 0.3 
micrometers or less by this invention, with the conventional needlelike magnetism powder, degradation of the 
smooth nature on the front face of a magnetic layer which poses a problem can be improved, and the output 
characteristics in which the shortest record wavelength was excellent also in the record system 1.0 micrometers 
or less are obtained from this result. 

[0224] After kneading the coating component for under coats of the examples 38 40 and <example 12 of 
comparison> «example 38» following with a kneader, distributed processing which made the residence time 
60 minutes by the sand mill was performed, the poly isocyanate 6 section was added to this, churning filtration 
was carried out, and the coating for under coats was prepared. Apart from this, after kneading the following 
magnetic coating component (3) with a kneader, the residence time was distributed as 50 minutes by the sand 
mill, the following magnetic coating component (4) was moreover stirred and filtered to this, and the magnetic 
coating was prepared. 
[0225] 

<Coating component for under coats> gamma iron oxide The 65 sections (average major-axis length: 0.12 
micrometers, axial ration, Hc:23.90e, sigmas:9.4microwattb/g, BET specific surface area25m2/g) 
Granular alpha-alumina (grain size: 0.4 micrometers) The ten sections Carbon black (grain size: 0.024 
micrometers) The 25 sections Vinyl chloride- vinyl acetate vinyl alcohol copolymerization resin The 16 sections 
(content-S03Na radical : 0.7x10 - 4Eq/(g)) 

Polyurethane resin (content S03Na radical : 1x10 - 4Eq/(g)) The seven sections Oleic acid oleyl (melting point: 0 
degree C or less) The six sections Stearin acid n butyl (melting point: 28 degrees C) The two sections 
Cyclohexanone The 200 sections Methyl ethyl ketone The 200 sections [0226] 

<Magne tic coating component (3)> Samarium content iron-cobalt magnetism powder manufactured in the 
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example 1 The 100 sections (the shape of an ellipse [ 15nm, particle shape: 125.7 kA/m, saturation 
magnetization: Coercive force : 21.6 microwatts b/g, grain size : granular or ]) 

Vinyl chloridehydroxypropyl acrylate copolymer The eight sections (content-S03Na radical : 0.7x10 - 4Eq/(g)) 
Polyester polyurethane resin The seven sections (contentS03Na radical : 1.0x10 • 4Eq/(g)) 

alpha-alumina (grain size: 0.4 micrometers) The eight sections Carbon black (grain size: lOOnm) The 1.5 
sections A myristic acid The 1.5 sections Methyl ethyl ketone The 133 sections Toluene The 100 sections [0227] 
<A magnetic coating component (4)> Stearin acid The 1.5 sections The poly isocyanate The four sections 
Cyclohexanone The 133 sections Toluene The 33 sections [0228] The above-mentioned coating for under coats 
on the polyamide film (crosswise Young's modulus (0.3% growth): 15.7xl09Ns/m2) which is a nonmagnetic base 
material It applied so that the thickness of the under coat after desiccation and calender processing might be 
set to 2 micrometers, and it applied, impressing the field of 0.3T to a longitudinal direction so that the thickness 
of the magnetic layer after desiccation and calender processing may be set to 0.15 micrometers in the further 
above-mentioned magnetic coating on this, and dried. 

[0229] Next, with the forming face of the under coat of this nonmagnetic base material, and a magnetic layer, 
like the example 15, the coating for back coat layers was applied to the reverse side side so that the thickness of 
the back coat layer after desiccation and calender processing might be set to 0.7 micrometers, and it dried. 
[0230] Thus, the obtained magnetic sheet was mirror-plane- ization-processed in the five -step calender 
(temperature of 80 degrees C, linear pressure 147 kN/m), and where this is wound around a sheet core, it aged 
under 60 degrees C and 40%RH for 48 hours. Then, judging to 3.8mm width of face, and making it run this by 
part for 100m/, the magnetic layer front face was ground with the ceramic wheel (+150% of revolution measure, 
30 degrees of contact angles), and the magnetic tape with a die length of 125m was produced. This magnetic 
tape was built into the cartridge and it considered as the tape for computers. 

[0231] «example 39» Samarium content iron-cobalt magnetism powder manufactured in the example 11 as 
magnetic powder in a magnetic coating component (coercive force: 163.1 kA/m) saturation magnetization: - 
21.1microwattb/g, grain size:30nm, and particle shape:, while using the shape of granular thru/or an ellipse 
The tape for computers was obtained like the example 38 except having changed the vinyl 
chloride -hydroxypropyl acrylate copolymer as a binder into the ten sections, and having changed the amount of 
this polyester polyurethane resin used into the four sections, respectively. 

[0232] «example 40» They are example 7 samarium and yttrium content iron-cobalt magnetism powder 
(coercive force: 124.9 kA/m) as magnetic powder in a magnetic coating component, saturation magnetization: - 
21.5microwattb/g, grain-size* 15nm, and particle shape:, while using the shape of granular thru/or an ellipse 
The magnetic coating was prepared like the example 38 except having changed the amount of the vinyl 
chloride -hydroxypropyl acrylate copolymer used as a binder into the five sections, and having changed the 
amount of this polyester polyurethane resin used into the ten sections, respectively. The tape for computers was 
obtained like the example 38 except having used this magnetic coating and having used the polyamide film 
(crosswise Young's modulus (0.3% growth): 13.7xl09Ns/m2) as a nonmagnetic base material. 
[0233] example of «comparison 12» - the samarium content ferromagnetism powder (Sm/Fe:5.6 atom % --) 
which made the configuration needlelike as magnetic powder in a magnetic coating component Coercive force : 
while using 165.6 kA/m, saturation magnetization: 17. lmicrowattb/g, grain size:250nm, a particle shape:needle, 
and axial ratio:8 The magnetic coating was prepared like the example 38 except having changed the vinyl 
chloride -hydroxypropyl acrylate copolymer as a binder into the 15 sections, and having changed this polyester 
polyurethane resin into the two sections, respectively. The tape for computers was obtained like the example 38 
except having used this magnetic coating and having used polyester film (crosswise Young's modulus (0.3% 
growth): 4.4xl09Ns/m2) as a nonmagnetic base material. 

[0234] It asked for the ratio (YTD/YMD) of the Young's modulus (YMD) of the longitudinal direction to the 
Young's modulus (YTD) of the cross direction in elongation 0.3% by the Measuring condition of 10% of drawing 
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rates, and min by 25degreeC60%RH with the tension tester about each tape for computers of the above 
examples 38 40 and the example 12 of a comparison. 

[0235] Moreover, since it became poor [ an envelope ] by **** with a cylinder and output fluctuation became 
large when the head contact to the magnetic head is a defect, head contact of each tape for computers asked for 
the power ratio ((A) (B)/(A) + (B)) of the maximum (A) of the output in 1 truck, and the minimum value (B) 
using the same drive as the above. These results were shown in a table 4 with the element configuration, the 
configuration, and grain size of the magnetic powder which used these results for each tape. 
[0236] 
[A table 4] 



SOSW38 



(nm) 



YtdA 



HD 



(%> 



Sm-Fe-Co 



Bggggfflg 



15 



K41 



Sm-Fe-Co 



30 



L28 



ii 




Sm-Y-Fe-Co 
Sm-Fe 




15 



9 



250 



23 



[0237] Since the ratio (YTD/YMD) of the Young's modulus (YMD) of the longitudinal direction to crosswise 
Young's modulus (YTD) is in the range of 1.0-1.7 and enlarges crosswise Young's modulus compared with the 
magnetic-recording medium using the conventional needlelike magnetism powder using the magnetic powder 
of this invention, on each tape for computers of examples 38 40, it turns out that the outstanding head contact 
is obtained, so that clearly from the above-mentioned table 4. On the other hand, a configuration is needlelike, 
on the tape for computers of the example 12 of a comparison, since magnetic powder also with big mean particle 
diameter is used, it becomes easy to arrange to a longitudinal direction at the time of orientation, and crosswise 
reinforcement falls compared with a longitudinal direction, in connection with this, the slide contact to the 
magnetic head maldistribution-izes, and degradation of head KONTAKU becomes remarkable. It turns out that 
it is the thing which can raise crosswise reinforcement to a longitudinal direction and by which good head 
contact is obtained from this result rather than what used the conventional needlelike magnetism powder 
according to this invention. 
[0238] 

[Effect of the Invention] As mentioned above, the practical use worth of a recording characteristic of this 
invention clearing the ultra-thin magnetic layer field 0.3 micrometers or less implementation was difficult the 
field as a practical use field for the first time by the spreading mold magnetic recording medium using the 
conventional needlelike magnetic powder, realizing the breakthrough of a spreading mold magnetic-recording 
medium, and being done so by this invention is so large that it is unfathomable. 
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«tt»*!8S|i- : 3 s -*-f X5~2 0 0 nmWfiSIA^/itl, 
^JStc^J-^LTO. 2~2 0Ji^%t-fc5^i?rt 

Ojj^itT'SlLT, 3/9 7~4 0/6 0©Htfe5 

mt-rswfjfcjs i fE«c»amf2«^f*„ 

D > ftf^©«M80~400 kA/m, 

0. 6-0. 9, gSfP^^^o. 1—0. 5Tffc 

[»**9] fl£ttsaicaa:*ieu-«{t:?gES*i6i*s*> 

9, iI*|nl©ftl/)^6 0~3 2 0 k A/m, 

0. 5 — 0. 8, mftm$U&&.&0. 1—0. 5Tffe 

~3 2 0 kA/m, £S!jJS0. 4 — 0. 7, g&fPSS^ 

gaso. i~o. 5 Tx-ibzm&mitzwKDmnfzmM 

0 — 4 0 0 k A/m x l&fP^fb^S 10 — 2 5/zWb/g 
9 , ^O^tt^*©*^-^ X# 5 — 2 00 nm© 

[»**! 3] «tt*&**0>#±«7E*£ Lt, -9-7 



l l nm<nMV£®j£ 0 

[ts*«i4] mm&i3z<p(Dm&&mrK &k=>y^ 

mcDW^ttX-m^X, 3/9 7~40/6 0fflllT*fe 
[39*^16] ^'^hS: 

[^9i8] #±«t»*±fl£ti-sa^jR*>e> 

0 0 nmOSSiicfcS^tSBf Rtroitt^f, I* 

8 0 - 4 0 0 k A/m, g&fP^ffcflS 10~25/i 
W b / g X fe 5 Sr fESi" * r k £ WSk k f -5 «t 

[00 0 1] 
10 0 0 2 ] 

fi\±.fi>m?k&tiX\,?Z> 0 ^-KfV^^^rV 
s<y?T -y -7*7— ^"T*(±, ±|ES*SrHSt?# *V ^ 

A^<e k°<Dnmm m&<D&x\ s&temm&m&m+iz&wt 
&ttm&mn&#m&$:w&ji\cmifiLxtez>, 

at LTii, m*-c^#<^tt-r, m.te.m3i<D&&k 
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[0 0 0 3] ftt4^5fctf>&&IC|18L-t!4, ±t Lt, @ 

ft, Co^tt»«tt»{ktt, Kfk^oA/j:if<oBttt»* 
XjJS 0 . 1 n miS©ltt«iIIttl>*^ii 

fcRjfci-Sfcfcl;:, mVkMMt&fcfrbln* ft- 

htO-^^fCICj; 9 , 19 8. 9kA/mgS©fi 
mtj&fl&ZtiX^Z, (fcixli, «l¥3-490 2 
6 4*Bfl¥ 5-234064 Wl¥ 6 - 

2 5 7 0 2 »HT6- 1 3 9 5 5 3 #4t$ftft 

[0 0 0 4] ^f*Siig&ffi©&&(e|!flLT(4, # 

#i^y&W©[6]J:lc:4 9, «teJa©*ffi¥*fH4#* |_ 
<|6]-kU @K«tB^©ffi]±(c^:# < *#LTW5 (it 
t Jttf , #<£Bg 6 4- 1 2 9 7 7-60 
5 0 4^i, flWM- 1 9 8 1 5 if ) „ 

[0005] Ld>Lft/4se>, iS¥o**acfbli:#v\ IE 
flrc#ft^7t£>, «*feJBroff $ 5 - t ^t§fSt£ 

[0 0 0 6] -Tfc*>*>. — «K«ttB©#8W3E£M:, v- 
^rA (Cfljffl $ tl-SftMfEiijgflrW 1 / 3 1 1 ^*>n 
T^-5fcit>, fc.tx.ffl. 0 MmCC»a@fegl:&Slci3V> 
T(4, ftttSroff£(40. 3 n mW&ifi.iLmt £4xT^ 

s„ *fc, #-tr s/ ho/M^ttef*^, ^aijfc^©!^ 

ilSi^fiTtSr kkteZAK ±fE©J: 5ft«/hft 
ftlfcCii 9 55:£:ftlKft:Kte££U-»t L-feSfc^fcb, ft 

[0 0 0 7] tz^jjs, «t4JB©ff£«:t£8H-5£, #N 



MBS 63-187418 ^H3t*R, 1#WBg 6 3-1913 

1 5 WlfflSF 5- 7 3 8 8 3 WBfiJp 5 - 

2 17 14 8 -5§"4>$B, 5-298653 -§-£:$8ft 

if) o 

[0 0 0 8] -60 4 3ft^fti&fi?<D|6]_h(C4 9 , flfr&jg 

mm. <Dif.n&} ft sub x-h-otz. ffi.mic x&mtj&Ttexo 

[0 0 0 9] 

/imSS* s R8ffi-C*)5„ ftifftb, wixit) fctttfe^-fk 
tii, J:b«S«75Sl : L< ±# < ft t&fpftffc^iST 

t)S1 : L< ffl H (eft 5 5 o 
[0 0 10] i*ft^(cMLTI4, KOfiW 

(cit), $ 6>(ciS{^ft^*Wt-5^(c*f u-ct>. tea 

ftiCtSttiyji&T^ESiii-t-Sfe*, «ft^(4T-ir-5PS'9 

SS^SSrlS]±$-tir^fc*60?liie<jft*-ffiT% fttSb* 
Wft*fe(4, «!«CIBMKfl:«riCMA{bi-S r t Tfo 

loom ft#te»w*w^ftsiM-efcs, fe 

(C{4, (4 £ blci<t5lt#tit-fc5 

MfE X^s 0 . 1 u mmi£<£>£M£c0ft'f4 

ft-tfftf,, fl:#gaftlc4oT#W*i-i 1 l4 > ¥*&^(e(4, 

tf^rpj^^offirt^rnjicMtTicfts 4 5 \zML&ifi^ 

KtcftS 4 ^ lz&&fiL^-i>tffe-fz> 0 -C04 9ftfe^^ 
^•fst. ^f*co«ffi^tt^mfti\ y-rxsr*9^ 
ZitZmmtteZo Sfc, ^co4 5>ftPp1H(4, fttt«co 

mz&n< ft 51a if, 4 ^^ijftPpHiic/jrSo 
[0012] $ p>(e, ftt*Ji^^«it:L4 5 t-r&m 
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sits*:*, m&m3fi<D$ifammTL*?-f<, s^te 

ffifat£<oig{b£^ffi1*rolWbofctolc, ffifflaygtM 

[0013] i£&MM£thx\,^z>m.viimM<D? 
x\ swxt lt 5 o nmmmvmsL+nm&mm 

ffitobtlX^Z (fc<txJ4\ MBg6 0-5 0 3 2 3f 

6- 1 8 0 6 2 if) „ r <e>^ y r> 

(i^k^T'fcsyt*. g&fn«£<bl4iii* 7. 5^wb/g 
SIT, §Wc^JR*/c(4^att*»*co J: 5 ft 1 2 . 

6 MWb/g«±©iafp«iib*:#Swfcttanwic5pBr 

SE««S«KCIB»jK*ffl©8ttt«&*i: LTI4, rix*T? 
14, B(IIE Lfc4 9 ^ff^coatS^*^^ tftot^*: 

[0 0 14] a±Di^LT#fcJ; ?lc, flg$[fEfiM£#:<Z> 

to, *i*«5tE«>«H4*&*©a*i|#ttlc*B-t-Si:, 9^ 
fSMB^rofiWasfrMK^IKK «fc Z>M 
^m^tttc^vNTv^ytto, ias««^{bicf4aift«j* 

co±#$^, 2 7c 1 s 1 sitmmm.it) xm 

gafp^fbtcjttpj-rs. l/c^ot, fs«tfj<©jgjjK 

«<t#*£ < >5e.6i5 4ffii«tfj<fe*# < ft-5 0 
[0 0 15] #JR*5 4t>'^OtafP^<b(±, xu-^ztf 

$=/=l^,U 7 0/3 OWiSO^^/^ h^MiS 

^Tft^iSr^-r^irfc/jrSo -<£>4 oteffc/^'^ h 
Jt7>s 7 0/3 0f+ifi©#MK©« = h-g-4k«H4»5fe 
(4, i-C(c|lfflfb$ixT^5 0 

[0 0 16] L*»L^S^ttlwJS^*««S*tt©>C 
t§f4, ±3zgcoi:*3i9 , 2 7i I sXmZiX, mmW3fc<D 



60 i-*to*>, liSStLT, FeM^Fe-Co 
4 9 &«tt*t»«:ttffl-r SR 0 , «tt*&5fc©jfMK 

[0017] #36Wtt. ret otewmzm.^ m^m 

(DfiJffi7)S^pT^-C-fe5i:co#^(cS-^v^-r, ( I ) MM 

36 U (II) r«ltta*^fflt5ri(cJ;^ 
CD«W ©att*&* T" (4 ft L #4 7) » o tt fcaSM^tt £• 

^-r^mmmmcomMmm^Kmrn^mm^, ui 

[0018] 

Ttew (1) ~ (6) cokteVXibZ kcom^mi+co 

[0019] ( 1 ) (K^y K-e©a5»tB*^prti*js 
mx\ X'% z>mymi%m*}X3b?> 0 

(2) >£— 7c*Wf-e, *t>*#v^fPfi^b2r*U 

So 

(3) i^v^faMSr#-5fctotc, ^JR, ^Sfcf4fb 

(4) S:^^(4, Jt*ffifl|aJ*/ht/j:aafcRiiifiv^ 

(5) mfmitzmftxz z>mmx\ -ezzmvim* 

(6) -xfaAmitm^xfabtez. -mmi5.mjj&& 

[0 0 2 0] *^gBJ#{4, _hfS^i+^^Tvfflfc-t-att^ 

X^5~2 0 0 nm©Itt©*^ 1 1— rtt <b CDfgif^ 
3 T— {BJ^s&JRttfe 5 W48c£-& «t 

f4, ttttTSSWrnttrojafRtt^oBtttftsfe-efcaicfc** 
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[0021] *%tW(Dmmb3fv t otmm^^ 
LfcaMte^^j; ^®n/cte»£|#'t4 

0. 3 ^m^Tt^i^i^l^jft^Si-S/^ r 

cox o^m&mm £t>m^mfoxte, Rm^a>mm 

(D&mh'Pte< <C9, 8 0k A/mfl^GU&^T'bfg 
[0 0 2 2] **lfi, rtt? 3 <75*D^$:'bi:l^$ 

*srfflv^»^ (a) }m^wfc±.icmmMM&£ 
-t <d ± izmumms «t xi^mz^m-r z> mvtm * w-r 
£^o. 3 vm&Tx sb&mi&<Dffi5i.mmMi$-t-tz>^ 

t. (B) B«4Ji©JI*tt«#»*Sr-3e«iiiK:iaSf 

art. (c) «tt»©«fkM#[Rj**«6ifc u 

gfjfe*#*(6](Dffi:^^8 0-4 0 0 k A/m, 

0. 6~0. 9, ^|P^^*S^ s 0. 1~0. 5T£i" 

(D) fflttft*M4as»ii«asn5J:5*fflJfe 
icfi, «ttJiB{i*{k«PS*iei«rSii:*lSli: U MfSit 
E*-fp]Offi:^^J^ 6 0 ~ 3 2 0 k A/m, tSSW* 0 . 5 
~0. 8, «SfiHK3|J«S^ 0 . 1-0. 5Ttt5It 

#5o 

[0 0 2 3] *ISW©«l«1E»jKft:SrR«t«©^ 

mx&mi-zm&iai, (e) IttlBrtoUktS* 
<D*-i6]ioj;D«^'i4gffiicSjt:^rpjrc'v>-f ! nco^[6]tc*jv> 

tt> ffiW4 5~3 2 0 kA/m, »0. 4~ 
0. 7, fiftflftfc&tftfO. 1~0. 5T ftZ>Z.t& 

xa, ¥fT£Xfaicm&mj¥.tmm&)izmift£tix 5 



[0 0 2 4] l£fc, J(B«a[fE»©yii«){c*ffi|E«!Kfi* s 
1. 0 n m£tT©ffiStSSE«:SrSffli-S'>'^^A|ciav% 

^T^^iifeT^ofcijiS*, (f) iwiEratt*&5fc*/fl 

So 

[0 0 2 5 ] £ <b(c, #&W^#©*MK«ttt&5fc£Jt 
15? LT. S#iai^(Cjo^T(iW*K)®(^^[p]|C5tfetfiC 

©#M4^t'<<^iftfc^5 > (g) 

[0 0 2 6] 

stria L7t**6*)fi$f <z> 5 *-r (5) ©tt^-tj- 
tsrt tmfrxmm^fj; 9 . L^ts^rofim&fi, 

*HWf- (4) t (6) rofgff*I^B#ic|is,i-5r t*s 

#C^-T5^ir(CJ;5 ^a^M^ttJ-X^V * X ^ 5 fc 

[0027] *mw%-tes wiELfca;*w«ffl-©7c, -t 

[0 0 2 8] *±Sli:»»A*l*»6>/j:5«tttr|s|.fc LT 

s„ fc t k. ii* ^^^sffl gd* * ^ a - a - mmmma 

W4iSN d 2 F e l4 BT$^tl5iBiS:WL > 8 0 0 k 
A/mti. h«»;TA^ ^^^W LTV n§ o l/j^L 
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fc 0 ^-<D^m, #±iitg*£3Eftt^5i§:&&Jffi;^'b£: 

[0 0 2 9] /j;43*±S-^-lljm^^ttWI4T'{i > _k 
tecoj; )l;Nd 2 Fe l4 BC0|fi^O{L^^!^(-m,^ 

^5fet?{4, f ±l7ti i LT N d ©i^ "J I; y ■) A 
(Sm) Wyh^A (Y) Lfc4§-g-C't>. 

m^m.mfct Lxt&mirz>izii+ttte±% z<Di%m?jfi> 
[0030] ^<D£o[cifc±m-m-mm?km.mm 

(4, C^-^m^Wil-i: Ltai £*i&f^£*L-C# 

tic J: 9 . il4a*i) 5 fttn5: 
t «b?wc Lfc r. b -c*>5. $ ^!crti*-r-#±«5c 

mW%hAmibXWbt)->{z.L.tzh<DXib& 0 
[0031] :©i;i;ii\i5ffliLT«^6ti-c 

<D%>±M7tmic)3\,^x tni«iw^)*^#e>tL efl 

StlSI t t tf>K/&#i£3SJc:fc Sfc«> t ^38 LT 

[0032] t/fbt, > rti-JtMffi^ffl^Ltai 

[0 0 3 3] Ktcftflftfjlct. a»«j«ct 



T^o&^-tf-^ X#! 5 ~ 2 0 0 nmCDftt 
^J5Sltnt©«t9*t Lfct#K, flips' K-CO 

tfn5'>!fc< t h 1 aOTC^^ffli/^tiS^^ ^rcotfT? 

ffl Lfct ^(ciftv^a^Sr^-n^r t tfc^ofc. * 
fcjl^«tLT(4, ftfc±*tUR3^F^i 

/9 7~4 0/6 OJ^T-ttWtSffliCfoS t «t3b 

[0 0 3 4] 94^©t±l-ft-*>>ili 
-rst, ft&mtjki&i&famikb&mtifizmfiL-r&z-b 

\z&m®&tH-£&i&&&='T—®lftb u :nsr«- = 

±*t * 3 -era b &mtitf±micmto-t 5 C 

#IC^JR^*7t{4i*-g-^Sr=iT— g|5^t iro = T — 

■rsrticiip, ^(Dit^m^-m^^mti^ir^zb 

So 

[0035] *55WI-ffiffl-r5±E«F^O 
ig-a-LT, — ftffct LTCO^S^^IgElLT^S t 

(4, fcftW&bici. f5^*T^$n^t>»T-fo«9, :n 
(4t*5l5W^fiSrfi-*>5S5 O t ^x. 5 0 
[0 0 3 6] *fc, *36W#e>»4. JiflEBttt»5|50*iT- 
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Xi: LTJ±8 nm£Lh, iO^Kltl Onm^it* 

[0037] ±eE«tt*&*©«t^i*--rx*s^:§r-r#-s 
^/-rx*s^t<Jte5. Lfc^ox, e^t-fXi lt 

l42 0 0 nmElTtt5^*!l, KUttlOO 
nmlJi.T\ «t 9ftP* U< fi5 0 nmKTt'fcS. r»J; 

[0 0 3 8] fc*s, ^Wl-SSl^T, a»*cO*5T- 
f-'TXirli, JfiiMm^WK (TEM) icTfg*10 
3f LfcWrotfc^-fr'f XSrUffliJ LT, 5 0 01 

(O^^HilcJ; fJ^feibixS t)WC&5 0 

[0 0 3 9] #«WKtefflr5±SE*±«-8c-**3f 

Mn, Zn, Ni. Cu, C o ft ^OS^+tjl^^JR^fe 
5„ -eott't, Co, NiWJL<, mcCofiW 

5 1 . ±z t£&mt)tim j $'-ti> «4 raw <b a»T?Ht*v\, 

b (SmCo 5 ) ^«t<*plbtlTV^^, ^0Jco<t5 

/97-40/60 ffimbro^SH^jfr* L < . 5 / 

9 5 75^3 5/6 5m*tt<Dk$lC, &ffi.t), ffi^mt 

[0 0 4 0] #|glJI!wrat*l&ro#±^*C!>«£*r 
St LTIi, jM^&JS^LT 0. 2~2 0I^% 0 
£L-<f40. 5~15^% 1 it)»SL<l±l. 0~ 
1 ODS^FfcTfeS. *^«q5*tJp|--Cf4, %T±M7cmk$k 

(omc, ! &m7£mkLxmmz<£m£ j £Zi>K *mw<D 



-e t . ®#&jr tea* l t »% i < -r a r <t 

-4 0 0 k AXmC0^^^37jq#bix5o 
[0 0 4 1 ] o#*ic, JLte^t4#>*<z)^ffm(coi^ 

[0 0 4 2] t£5fe<&#HK©«i4*&*-Ctt, /-TX 

©Stf-lMXlcttlBJMSfcS. 
[0 0 4 3] rW^LT, *f6WtCftffl-f S±SE«tt 

m^mmmm-t^^ck < icm^tz&vkmm&mmx 

%Z>h<DXibZ>z\ktft>fr^tz. a ^(Dm^zkL 
T, ifSi^-y--rX^HfllELfc5 nmSSi Ltt+^lC* 

[0 0 4 4] £fc, «^fe^W*W6<J^ii)ST*fe5, SE 
&v\ y^XSr*L<ii^:$-ar5J!lHi:^5„ r^Pp^M 

^+±*&*Srffiffli-5PI9 , lttl»J|$^0. 3/xm 

#H»tt*»* t © Pal Id T!i 9 S 4- R ^ , T 
i*«^Ti 9 «±JC^i" 5 |W|B#S®^*ffit?i4, 
T^9Ji-if^W*75 s ^ttiL^i-< , *e,|;B 



(8) 



#W 2002-56518 



<bft<5„ 

[0045] -ftic#j-LT, *&9nz&m-rz±.9im& 

[0 0 4 6] §e>l-, tSfP^fk(covNT^x.{i, #J1* 

ttfe^tci&v (ciS^Tfc 9 , ftteft^ o . 1 u. m 

/hi* 9, KBKt-T-T?* Sic 6> i", ffiv^ftttft: 
«r*l#M- 5 i i: *s BfH6 1 Jfc 5 O -Cfe 5 „ 
[0 0 4 7] aWSWI^ioV^, ±SEflStt*&*(D^*, 

tO^^tgRt^CDtCDST-O-r-iT^^. (oS0, t5 

»m^*»e>fliR«t*T?«?^raw/j:^*t©fcrofc^) . 

■t <D tp \zH £ ft 5 v ^-ftt»^*fC fc o T t J; v ^ t £ * 
^EgiJ-rsfctoic, r©<t7^ti: L/Lt>tf5T*fo-5 0 

[0 0 4 8] W±(DJ;5{C, ^WKteffl-TS-hlElKtfi 

-<T^«^ttJi^#5cD(C^W^iiLT*J9, ^ft 

«*eft£#£fl£SLfc f£lc®ftfclE»??£#'tt 
*s»bftSwi:Sr^^tbLfc"b<Ot?fci. -t8E<Z>ffl*l:*& 

5fc#>, gSfPSSfb^ 10 — 2 5 /iWb/gt'W fcWS: 



[0 04 9] /£4b\ *^*ffl*{C43VNT, flM£&;fc<atiMB 
;>3:fcJ;{/g&fpB£{fc(±, K**ffiBbi!«;*j*|-£ftfl! Lt, 2 
5 XlX'fOmM^- 1 2 7 3. 3 k A/mT-ffliJ^ Lit 1 1 <£> 

[0 0 5 0] #3SWlC{£ffl^5±fE«tt»*tt. fcti 

*DLfc#±S^*V*s*ift{b(»i:/«Co-C« 1 UiHi< < ft 
9, ■< Y&^^-X^^^Y-? 7-4 Y^L^n^i 

Elc^*$ft(c< <^5. — ^Ttvij d mRm&&ir& 
5t, *±^-r^v^7K^b^^fi)c*i-SfS(S]{c$>9 , 

ffifd^fife*ft5*±Slftfbfl**)5i/Mift-&-«»li, 

[0051] :©*±l^*yiv^^^Fi)2,^ij: 

LT, *PSftil7c; LT^T-f-^ Xt)S 5 ~ 2 0 0 n mWgEH 

lc*>5*i^&S«fR«W«tt*i^-Cs 

0 0k A/m, fi&fP^fb^ 5 1 0~2 5 (iWb/gffc5 

[0 0 5 2] En*>*«[ttl&*«>»iaffijiSfl!l©«tt«&5|5<0 

ic «t s^*afig*3 «fc ^iSTc^co^b^^fb^aco^-g-i/ > 
MTtmmxmfflTZo 

[0 0 5 3] teto^r Hfo5l/^±3yVP h7x7 

Hi. v^-rftt,^fe^«^i5^7^m^i, »ifc2iv^ii^< 

n, Ni, Cu teH<Dm&&m'<*>' ! &iS*i£-&Z>Zb 

t>"5T^T-foS 0 Sfc^ftbroM^JRTc^fi, -^V*? 
4 hfc5v^3/<yH-7i7'f K«iT-i75l5Pg-e-a-W$-tt 
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[0054] mmLtzxo^^ ±.mft±m7tmi*. m% 

Z>$)3ki>Mteiim?LX\,->Z> 0 Wtb%r±M7imit. »&JR 

MiTcilcMLTO. 2~2 0If%t*J)5©^l$ 

fc 3 retold 4 hfc5VMi=>y<;yu 

[0 0 5 5] ifEcoM^feli, = T-§|5^/4S^!C^JS 

- (c^^- $ -ttT t> & s ms.<o®m.ft t m mi t &nz> r 
tizx-zz, ^(om^^-xh. mmmm^<p<D^ 
±M5cm<D^mm*. m&&m,7imicttLxo. 2-2 
om+%x&&(Dt>mi$i lv\ 

[0 0 5 6] *3PJ»aMf5£i££{$lC:Joi^T, SSttS 

£ *S^J <t £ 6 (ciiS(45ff«gih $HB8HK»ill»*U/j; if CD 
man* *—#>7 , yv#tet'$:Mx.X, rn6>«r*« 

[0 0 5 7] BtttJiJcttffl-r5tt-&«||Ctt, Iftt^yu 
&<h*oq^ibil(4*n5 1 1 1 St^K U \/ % >ffi 

*?y h/jf y ? >\ 4f y Jix^yix^y ^— . 

h y ? i/ ^ ^ as So 
[oo5 8] ^.ti^w^^jfi. mmbMnftrnvk^fa 

S Ll/\ 'B'tlKit LTf4 x COOM, S0 3 M N O S 0 3 
M, P = 0 (OM) 3 , 0-P=0 (OM) 2 (MfiTkSt 
7/U*y^IJfcij;7;y) . OH. NR 21 N + 

r 3 (RitAm^tz^mtykmm) . 



[0 0 5 9] rttlbO*S-g-^J©{tfflftir LTii, SStttft 

*i o oamgcic^j-L-c, mm 5 ~ 5 o m&n. »*l 

< fil 0~3 5mA&<Dpl&i:-f Z<Dtf&\,\ t<|c, 

&X*ffl.%--&i?1tXm\'^Z><DtfM:i>fi$. LV\ 
[0 0 6 0] rixbo^Jiritic, te-frSl^lw** 

SrWffl-rsro^HS lv\ rro^WJtLtii, hyw 
y-^y^^-h, — =*-y-y ^i^v^ y ~>r^— 
K V*d;/vM y h^t'^ rtt^w-fy 

->r^- h^i: h y y ^^-v^:7"^✓^°>'/j;i^<£>7kg£K&• 
^iMlI*1-5t><75<h©KJ££;£#^ ±m4 y->T*— h 
Mnm^fmate t°<n&m<r)T$y ^ y ->r^— n 
lv\ (Dammit, is-a-^j i o o asgisic^j- l 

5-7 0m*g|5«fI^-T-ffl^P>nS o 
[0 0 6 1 ] ^I±a»^^[p]±-r-5fci6, ffifijliScoW 

9 0%&L±.<Da -T/Ui -r* 13-T/W5^-, WlVc>T4 

A, Aig^VT-e>H\ ^^S*, ^^>>y 

x.(4\ tb&mmm&i&tDmmmxmffit&mLfc t co^ 

®» TAKP-10J, TAKP-12J, TAKP- 
1 5J , TAKP-30J , TAKP-50J , Th I 
T-82J. rHIT-60j, ±.ttX.Ml±M<D TUB 
4 0 BJ /<Cif^Sfe5 0 

[0 0 6 2] ~thb<DffimmcD'$L7-V-^ Xf± v 0. 0 1 

(om^^mmM^u^io-^xmm ltc 19 , 
mx^n^-y-^ xtt^*m.< ^xmrn^^ht^z 

mA^l 0 OMMU^M^X, mm 6 — 2 0 K*glk «F 

[0 0 6 3] T/P5^*S:{±C*i:-rSW^JO^*P 
y7&<t LT(4, tt^^jHr-d^J^-^trfittt^^lItt 

SSrl!!:»t5^Bo<j;^9(r#«5*S:«gffli-5©*Si: < (c» 
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[0 0 6 4] m^m<Dmmm<ox>t^t lt, ftmrntf 
Yik. ^y-feyy^, tfv^v—^, t^*j\s-7^; 

[0 0 6 5] ^(Dm<DftHkmt Lt, T i m^tfc^P 
*5>^J^^'b^ffl-C-#6„ T i ^i^Ji: LTfi, ft 
CD5?t|±$!{CD r^uy-T^ hKR- 3 8 Sj , r^JKR — 
TTSJ , TPKR-46BJ , l"|W]KR-55j , 

TIW1KR-41BJ , r(W)KR-138Sj , r[W)K R 
- 2 3 8 SJ , T|W)KR-44J , l"|fr]KR-9SAj 

#i^y vast* ^ rtJiSpp t lt> jtc^t^ttsi 

CD TGARFAC RS4 1 Oj , ^bYb^XDMSfcR© 
l"JP- 5 0 2j , TJP-508J ftlf&m-f «b*l 

[0 0 6 6] ^tt/lcDi3sAP#JcD t5t>toiLT, Iff 

1 2~2 4(Dmffim*®im-$-z><Df)mti\s\,\ :oj;3 

ffl<Dm<k&fohtf\ mmm%c&i&T&i£x^v K^ft© 

us, ^fiaft, muw^-rtKommx-k <tv^, gtit&flg 
tc-rcixs***^* j; ommmt lt 

[oo6 7] ±.mmm<Di&mmit LTfi, 
i±, 0 ommniztt lt, 0. 5~5s*§b 

h-rz><D1>m-$. L< , 1 ~4SS§l5i:i"Sco^J: >9$f4 
Lc\, flgMftt'cDiWrtajT'ti, flSttt&5S l 0 0 

MS&l5lc*|-LT, 0. 2 — 1 0mA8HkirZ><Dt>m$. L 
<, 0. 5~5fi*Si:^-5©*sj:?>»SLv^ 
[ 0 0 6 8 l-atttW©<H(l«3R-©«T', ««l»JJ:WTcfc 



Affl-y-—- *7-ffl77y^, 7tfl/y7*7j/^ 

ffi»7)S 5 ~ 5 0 0 m2/ g> DBP ©ffifirt* 10 — 40 
Oml/1 0 0 gl t^g/5S5~3 0 0mn, pH^2~ 
10, ^tR^SO. l~10li%, ^-7 7»0. 
l~lg/cct*S)5t©iJUV\ rfTKiSifc LTIi, =: 
□ V t'T> • # — TK^ttSiCO TSEVACARB-MT 
C Ij , — ^iM<0 TThermax Powd 

er N-9 9 1J tt H&¥tf 5 £ t -5„ m?> 

©77-#y7'7'y^Mit LTIi, «^5fe(C*fL 
T, ii»3Sa%tATroS"J-^i:i-5©AS«tv\ 
[0 0 6 9] ^ttgco^tcfefc 9 , fl£{$&*H 3 fflft*ij 

hmm £ftTv ^^w^j^i--<T{*ffl-r s - 1 ^t# 

5. fchxJi, -i^ify, h/t^v, ^^uv&^cd^ 

[0070] *&m<Dm$s.fc&mit<D»mzi3\ f ^x. m 
%}<D-mmmT.m*tiimx$ . t < ^=—^<t^j:« 

T, 

[0 0 7 1 ] «rtE— Jfe^MRXS-Ctt, LTtSj 
gS©i?;i/n^7f if-X|rffiv^rt^S L< , r 
co J: j^t^f^7i LTCDv'/u^ — T tr— Xf±, m 
mmttiSM (c ipft) , nW3>J£f$M (h i p 
ft) fd«t t)#P>*L5'b«)S:fflVN5r. fc*s#* L< , #(c 
SI^g(cia^7tJD, -y-^ K^/w^T^fSc^fToT-b 
tr— X/5S#Jtt(c< < , *|€75S*&— tc^r 5H I Pfttci 
5 ^/U=7-r tr— rtASiS Ll/\ rcDj; o 
t £ *y,v 3 = 7 tr — XcdJ^iJ LTf±, X uttiSlcD h u- 

ZkA>XgZ> 0 *fc, ^-i6:B#ffli: LTi±, ^£fcD$r@B# 
IBT 3 0 ~ 1 0 0 y>cD«5fflTj@a:|lSt-2. r t L 

[0 0 7 2] rcoj; 9lCLTM^tl5, ^14^)*, » 
^J*3 «fc if* OftfecD±f5#^ ^#^1-5 cd^M 
#'ttir LTIi, «^IE»ttEfrro(*lK^;^8 0-4 0 0 k 
A/m, »|C9 5~3 2 0 kA/mffo»), *7t, fi&fp 
mM^m^O. 1—0. 5T, #i:0. 2 — 0. 4TT 

cDTjsas L t\ r r T, JzfEcD}KM#tt(i, 
*co±^<!;p]«(c, KIW8iMI!«t3W]-*ttffl LT, 2 5 
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°C. ftUmmi 2 7 3. 3 k A/m-Ctf>$lj;£{gSrVM/\ 
ttS8mm-C-^t4Sffi2 0 m&m-f 9 fc^-frfc 

cd£PJ£ L/c i: # cqH^&cd fit 

[0 0 7 3] UiZiiLfcJ; #^Kteffl1-5«gttf& 

w m c£ ffl -r a mm** x « , ^mtxDBm^^m 
[oo74] ±mLtz&¥tw<DM^mmmm-t. m^m 

(iiJ:5dJ*(STK>B!]jffiS:»ft-t-Sfe«>, 0. 3 n mJ^T 

fl^ff^liS. fcijttf, DLT-4©J:5fto. 6 
m mCflSSSftijSftffl ->^r ATtt, 
<D¥-mW-&\±0 . 2/imSgtf§W»tL< > DD 
S 3 (75 J; 5&0. 3 3 AtmCOSMIE^ft^ffl$tb-5 
v-^^AT'fi, 0. 1 timmi£k-FZ<D-t>m$. LV\, r. 

[0 0 7 5] £fc, HufB^Mte^frW^tt^^ 

iSl^t±75S[6]±X'#. HtftBt/jTifeo 
tt(cfe#1-^/cfe, il««ttl&5|5<Z)iBl6H4*S|fi]±-rS{a 

[0 0 7 6] *5IWO^IE^«£Sr*^S5^jS 
«7)s 1.0m m^T^iSSSBSIEftk^^T 1 

•CF^Vfi?JS5 o timKTit5ri:« s if$U< , 4 0 



MtTicfEft-tf-f, ^SttSri&TS-fr^i-^o L^Stc, 

fg!TOPO-3D (WYKOttg) C^yK 

(4 0{g) 5rt^M, 9IMS6 4 8. 9 n fflij^ 
Ii2 5 0^mX 2 5 0 /imffflt > Rf§]}iIE£- 
iDx.T> fflte[Hl^4[Hl(D¥^iS75^#ffliJ^cD*ffia^ 
(P-V) Sr$iJ5tU fflj3£^il 0^©sp*&<t*»P>*it)/£. 

[0 0 7 7] ^-y ^/W^dr-^V-^-itiCjoVNTIl, 

fa<D-Y^?m (Y MD ) (C*|-i-SJt (Y TD /Y MD ) Sri. 
0-1. 7t«ri)JSff4U^i:S:E(tlLt 0 

ic^5<t 5 lcBE[6]1-5 £ 4: tic, Sv^SltS-#-57t* 
#*|fi]iiStt*|6]*s«iofc^llBi:/j:5 0 Sfot, at4S 

Lxmftnmffinfc<nM&&)*$:mmi,x\,^iz)ib. n 

^tt^ffirtlcMfTt ^5 «fc 5 ifcgarSlTT^Sri: -5 rtfi 

<9 , L< iiifftei:bSr 1 . 2~1. 6ti-«rojjsj: 
V\ **5, tfJfE«-¥>-^*i±2 5°C6 0%RH|djo(t5 
0. 3 t>«-C*>.5„ 
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ioo7 8] *^B^icjo^Tii, mvkm&mmit 

IffllOtt <ttl ®»T^ 9 JB&Rtt-S £ «fc 9 
LfcTi 9 H±^Jfc*-#"5*^±IE L» V^rfS J; 9 r&J 

±l, ^Bttt^wpfroatiBttiijisieptiiMflT?**. 

[0 0 7 9] T^9Jio^^(c:fi. HMStfcfe. 

mum. «sttt&©^-f^t>ffiffl-e#So 

•h LTi4, a --ft* 9 0%£A_k<£>a 0 T/U 

y-T/U*±, a-Mitm. T i 0 2 (/U^/K 
T~f~& — \f) , T i Ox , K{ffey Bfeffc^X, ft 

i^y^ry, ZnO, Zr0 2> S i 0 2< Cr 
2 0 3 , V—frj K ^>77- 

V, §£{bi@. MgC0 3> CaC0 3 , BaC0 3 , Sr 

co 3 , B a so 4> mitrnm, mt^ ^mux- 

Fe z 0 3 , Co-y-Fe 2 0 3 , F e cfsk. Cr0 2 , 

[0 0 8 0] rnfewMttMa^tt, sfcK, 

«*t«oMttl-^«Sr4f-x.Sfe«), 0. 5^m» 
TT?*>S©as#*UV\ Sfc, 9 i£/J«3i-*f3£, 
9 m<DMWb*<o%mi&&±.& 9 , ffl»»J*-(%«f-C 

5fc£>, 0. 0 5 n m&>±X*3bZ><Dl>miZ UV\ 

9 S£«W 6 0-9 0 t<C70~80 11% 

X*fo5<Dfim £ LV\ 

[0081] t^9 (c^ffli-sig^jictt, m&m&M 

te£5:*rLT5W#g* Lt,\, i: < KSfifbtr^A^flMi 
irtfy ^Wflgtroflf/B^'ciJi^T, Tl»)l^l 

[0 0 8 2] Tif) aofe^Jroffiffl Jkfi, 1 

0 0fi*lf|5{C>Ff LT. 2 0~4 5fi«B, i<l:25- 



4 0liStfo5»^f$L^ o fcfc, T^9JftD3S^ 
kkhlz. &&m<P^&tiZWm?£k' k1fe&&-£X 

mm<D&mmk lti*, ±ie©^»ji 0 oaagBic^ 

LT, iiSl 5-7 0fi*SBt-t-4©*s»* LV\, 
[0 0 8 3] TS&«9Jil^5effli-5}«»#Ji: LTI4. fift$ 

f£fflt5©^SS Lv\ T&0 JS<0ffl»3Jro«l&aq*M\ 
ii©*iooiiaii;#L > ii#4~i 8M*gc, # 

tL<ii5~l 6 MMl&H, «t 9 L < f± 6 ~ 1 4 
<Bt-*-S03«s«tV. T»9S-coflgte^i:il^^^7 i 
A-CDj&fcnit^fi, 11^*0/10 0-4 0/6 0, k 
< ICO/1 0 0-3 0/7 OtfeSOW* Lt\ AM 
^J^T-»9Bic-^**Sirtt, T^9»ffl^©=-y 

* k' \c x zm&comz— mzf&m-r a ±te^-a-comi 

9 S <Dm 9 Id » »S"Jffif ffi ^ ^ «r ^ * 7t 

[0 0 8 4] Ti9ilc«fflt5*-/fy/7 5'^ L 
tl±, gWXO. 01—0. 0 3jimK)*-#>/ 
7'7^i, fiiWXO. 05 — 0. 3 u m<OiJ — ^'V 
77 <b Sr#ffli-*©*s»* LV\ 

Sr5S^-r5fc^WbOTfo9 . *7t^#(7)*— ifs^zfy 
y^(4> T^9S(75^HI^ ; K(7)[S]_hi: ^ yVaygi*© 
W5££l47S>5fc£>cokC9Tfe5,> 9 S^C07J — ^> 
zfy y fcnmimmti, Mfo*-^y^7 

T, «f«tt&*l 0 OSSgPtC^J-LT, ii^T5~7 0aft 
£15, £ < ic l 5 — 4 oMSa5<h-r-5 0)as$f£ Lt\, 

[0 0 8 5] tWXO. 0 1—0. 03^111(7)77 — 
^y/7 Ltii, CabotM© 'BLACK 

PEARLS 8 0 0J , TMogul-Lj, TV 
ULCAN XC-72J, rRega I 660 
Rj , ^ □ vtTTV • 7^ — Tp'vlt^co TR a v e n 1 
255J, rConductex SCj -fe ir'7)S Jj^ o 
it, tWXO. 05-0. 3Mm»*-J)fyy7 
y^irLtli, Ca bo ttttl© 1BLACK PEA 
RLS 130J, TMonarch 1 20j , =a 
yt*7y-*-^VttS© TRaven 4 5 0J, 

TRaven 410j,77 > 77 — T'ltM CO TT e r m 
ax Powder - N-991J t£ 0 

[0 0 8 6] TSitllO^Cfcfc?). T^9Sffl^ 

^mmnmmcommmmmk^x, m^mcom^kmm 
(o^m^mm. ^v^mm. ^^^^mmm. r>v 

0. 5— 1 0 a< m«tt5©WS L< , l~5/itnif 
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5©*j:!iff*u\ rrnvm^w-mmzit. ants© 

¥*SJ0MK*tU 1. 7~2 0 0f|tfe5©!!!if4L 
<, 2~5 offift?&a©*sj: t>»* LV\ 

[0087] ^mmm^^'x, m&m&xxrr 
j; «9 mm 5 o , ooo mx*m.m Litmm&m i cmwiw 

-C l 0 *»J^ Lfc i # cd 5 ffigf ©SlJ£;6i©¥Jfcffla» <b , 
[0 0 8 8] *36^{C*JV^, *«14Xf*fl:t LTfi, 

y9\s—Y, ^yxf uyt7^ l/— Hfti?cD/Ky 

K zKy#— K # !) /K y T 5 K\ 

#hsk, ^yr? hV5 h\ 77? K, ^r#Ss^y 
75 K^t'0*y7 5 Kffftt&feS. /¥$^iilfit2~l 

0 0 Mm©^7^f y^7^;i/A^ffl^^5„ mIfB# 

7ci£>(cfc, igTJftcDO. 3%#TJ?co-V>'^^5. OX 

1 0 9N/m2K±, $fS L<li6. 0 X 1 O^N/mSJii. 
±2 2. 0 X 1 0 9 N/m2^T^S7?ftW&U£&iei< L 
fc/tfy ^^^/u^^^/uAfcSv^iJKy 7 5 K^7-f/w 

-V*s{W*L-^f< ft5„ 

[0 0 8 9] #^14^^f*(cii, Tl^Ii rogfft^ 

*^lt(4, ^y^^^/uttffli, ^y ^^9^mmf£t- 

ftmfhfh^o ^irtbfflfmtntpx-h. coom, so 3 

OSOjM, P = 0 (OM) 3 , 0-P = 0 (OM) 

<fc#*Lv\, rroijfefliii, 7o^y 

cofc ft . -> y 77 ft if©*aa&5icfe*-t- ^ wjiba t 

0. l ( imJ^Ti:t5Ci^J;< 1 t< t»*L<fiO. 
0 1~0. 0 8ymffc5«^J;V^ 

[0090] {e/Hsit8s s t < izmm.mmT<D&miz&\,^ 

»ttjm*i LTtt, 10 5°C, 3 0ftX<Dmi& 
St*, 9 1 0 5°CT"3 0#J»*Q.3U&?&L 
^JR«S^, fjfcfrfi-C 1 . 5 %£AT, m^lfil-e 1 . o %u 

ftf ffcCD*! 1 0 mnu 3 0 0 mmWt^Jf 6 ;££rMD/T 



D «fc t>&*££ElU lOStrofiH+tSO^fiMlL 

/"tcco*$] xi 00 (%) 0>¥*&1it£ Lt\ * 

[0 0 9 1 ] **WIC*JV^-C, ±fB©#»ttSl^^±iC 

9y^Tmft, n— /umtt, 71/- KM*, m^^h/w 
— v?a v^^ft ifro?^5l5*>e>^*pco^^i^'&7)Sfflv^tu 

ffii-S, S&&»i3^7J&7K "FS6 9 » i: t Sr IS! 

mizmft-rz>, mmmmm^m^^-rti^mmLx 

i>£\<\ ^l$t£:fcf7 5»JfB£t£Jlc9 w<y v^iSr^x 
Sir. T^"9/l7jsSP^ffiw5^i-«il^M*-rs, 

[0 0 9 2] :©i 5ft^7J*(Cfi, #MBS4 8-2 
2 6 0 5 #PBg 48-98 8 03 

Sg 48-99233 -§-<2>$R, #MBg 61-139929 
fl^#ft if fcW^ * ttT^S , <9 «fflM*4Sr ^7 t- 
7W, u—;umifif££^£<9mmL. rcDT^H-k 
n— tV&^ilr&MI&X'^*?. M — ^S'M 

LfiW-ib, **;9T v ^u—fr-zmmZft 

[0 0 9 3] *^07l»a^fa«^f*f4, *fllttX«fflEro 

i/> 0 =2— h/fdli, #W14co^— Otis-?? v 9 <F> 

S»J<t LT— JKJCfflt>P>nTl^5o-F e 2 0 3 , Fe 3 
04, Ti0 2 , ^777^ h, CaO, Si 0 2 , C r 
2 0 3> a — A 1 2 0 3 , S i C, CaC0 3 , BaS0 4 , 
ZnO, MgO, 'g.ik^tyM, TiC x ZnS, MgC 

o 3 , s no 2 t£¥<nmmtmte.ntt^ti^:z>^t&x 
a*:, ;<-y9 ^-hmiu*. &m^£<o, mmm 

mm. f&Wi&3L*7-/\/m. ~>v =>— >-^-^/u«ftifc7)p 
i^ffiffittffjftifro^iftsijx *:nm<D&mmmm$: 

[0 0 9 4] /^y^ =3— h«W^^JlC(±, ^ttiiCQ^ 
£ fK]« <7) k W £ <£ ffl t 3 //V ^(Onp-et,, ^« 
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*i o osaasicatu mmti 5-20 omasa £ 
L-cii, *uvy*nx«-eo. 3~i. oummmt-r 

[0095] *&W(om.%mmi&t*<Dm&\zt3\,^xn, 

^M!rfi 5 r t tc «t 0 , mmmmmco p - v ^isif 
# 5 1 1 1 m, m®.mm<D3Emm&-kifx, mwrnM® 

&&fa±.£-£ZZ\kfrX$;Z> a ^Sfi^ii, ilS6 0°C 
U±.. t < (C8 0^12 0 OtKT-efe5©iOUV\ 
UlUETlte, ii^- 115k N/mUUi, t<la50kN 
/mWi 4 0 0 k N/mHTt', iSgfi 2 0 ~ 7 0 0 m 

1 9 0 kN/m«±©iUii: LfcitK, ±fewa*Sr 
«t 9 -IS «> 5 3. i ?5S-e '* So 
[0 0 9 6] Sfc, *&9l0ttftfeMtt<Z>£tiilC*3V^ 

tt, fcsfc 9 (Crtj-f-^'S tlt~>- h©i#f$J <9 

SfffittSr^b^iirSJs^ix^fcsfcfe, 7 0 t^TT tT 
5©^fJL^ 0 iSrSOjt*, 5~6 0%RHO 

[0 0 9 7] ^^l;, Kny7 p 7^h©gHi/«c5itt 

(CO^Tfi, #MBg6 2- 1 5 0 5 1 9 #HBBg 
62-172532 5^tfR. 2-2 3 5 2 1 ^ 

*-f-/K£>J13gi: LTii, 7" — yfeVTMS. (5 
0-3 0 0m/5)) IC»LT± 2 0 0%<DffiMb1-Z><D 
##*L<, *fc^-r-^co#^(t^<t LTfi, 10 
~8 0° k-tZ(Dfim-£ 
[0 0 9 8] 



9$«r*5H-5 -5. 
[0 0 9 9] <m&&3£<Dtim> 

1-22, JttSE^J 1 ~ 4 » 
mMffll)) 0. 4 19t/KOffiS="X;H«^Ii 
0 . 9 7 4 ^-/KOffiK^ (III) ;Mc&£r 1 5 0 0 gO 

*l-^ft?L/c 0 &(ci, 3. 7 6 ^e/KDTk^fk^- H y -7 a 
St 1 5 0 0 g L7t„ ^©ffci: hi^eo* 

[0100] ^ h? L— ^{CAtU, 2 
2 0 < Ct?4B#FflJp^L7t o ^IS&JlOil&frofcfctjK^S- 
TkiSteU SWXl 5 n mCO^TiMffi FJ^Oa/VW 

[0101] i^iC, JifBO^^-^y^/H^^^^-f h 1 
0gSr2 0 0g©*lc«Lt o ZCDMffiWilC^ 0. 0 

072 6^©{iit-7y v j±**.m&mimLxmM 

L, 2 0»FWLf; o ^^IC, 0. 0 2 1 7 8^© 
L2 0^1«ffLfc o 

[0102] r. (Dmrnm^r 9 0 x:x 1 ^mApm t^m. 

7Ki5fe, -5igL, *>Wfa*'*y biZ&ifX^ 60°C-C6B# 

[0 10 3] »feiXfc«Mt*«r?Ltt:-e<W*L*:*, »tt 
«M*p(cAtL, *^«Ef 5 0 0°CT' 1 ^^JPIItc L 

iMlOOOppm^L, ^g|5^**-C*>-5^ 
-a-^/^lc^iJ^x/io 0clcfift«:l 0 0°Cif#?iL 

[0104] rro-y-^y ^AtfK-^^hW^* 

5. 6JS^-%*3J;0«2 9/7 lgBtffeofc. SfcHU 

t^X# 1 5 nm(Dm^M*fR^O*!£^-;foofco * 
P> (C, 1 6 k O e 0>ttJlfr3ttni LTSiJ^ L^«SfP«fktt 
2 1. 6„Wb/g, «M12 5. 7kA/mffc 

Ofco 

[0105] 2» USSf^ll 1 (C4o^T, h 

y^y-( h«C^fig^W*fRftia*#Sr 1 8 0°C, 4B# 

(±, *Sfe0iJl i:P^{ciLT-y-^y 7A^tf5i-3 

t£* (tt^/wh) ic^-rs-y-^y 7A©^ft, *s 
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l/c t ^ x& i o 

nm©teR75SttR:R<B*fc^Tfco;fc 0 § fbtc. 16k 
O e ©«W*rWaqLTa!llELfcfSfn«ftf4 2 0. 6 M W 
b/g. M^lil3 6. lkA/mffcofc, 
[0 10 6] «HJfe0ij3» Jlifetfljl (CiJ^T, 
7i7>f h*fc^^B#«07Kf|ft«ia*#^. 2 6 0°C< 4 

[0 10 7] r©flH4*&5|€©, SI^&JRtE* 
/H>) y ^Aco-g-^ri, *3<fct>*=i^Vu h/ 

Wf*lil<5. 4JST-%*S<fct>*2 9/7 

fflR^Ofe^-Tfoofc £ib(C\ 1 6kOeffll#^Pp 
APLTffliJ^LfciafP^kJi2 1 . 9^Wb/ g> i%B.t> 
til 2 3. 3kA/mffcofc 0 

[0108] «HJfe#iJ 4 » *Jfc#!J 1 T-g-fife L/C h 
7i7^ hfif 10g^2 0 0 g©*ICliLlt o rco 
0. 0 11 8*r/l>(DffimWJ ^AtM^S: 
aS*nLTSf#L, 2 0#ftB*#L/c o £<b(C, 0. 0 3 
5 4*r/U<D7kMfc-f hy^A&lO gCD;fc[Cigfi?L/c7K 

mmzmm l 2 o l/c„ 

[0109] *:;jx£WM±» 1 i HHSKC LT< 

[0 110] z©OH4»5Kro» ;S#£JS^* 
/I'M WtStv^Arofti, iSXXfastA, v/ 

mxm \-timb ^^^hn^mtttm^txm^x <o m 

feLfzt ^tl^fivti9. 4m^-%38£Xf2 8/7 

ffiR«©^-efeofc 0 ^f>(c, i 6 k o e (Dmn-ztv 

1mLXffl7£Ltcffift\ffi.<tt*2 0. 3„Wb/ g> 
til 3 8. 5 k A/m-Cfoofc,, 

[0111] 5 » HJ&^J 1 -C-g-fifc L/c h 

7x7^ htf 10g^2 0 0 g«*l:ilUc o Z(D 
Mffli&lZ^ 0. 0 0 7 2 6*/u<D^^:^!>AA7M£ 
«rJS*0LT*#L. 2 0 7>ffli#Lt. £ib!c, 0. 0 
2 17 8 -t/K737kg£fli^- 0g OTKiC^I L 

/C7k^£fisin L 2 0 £fflffg# Lfc 0 

[0 1 12] ^rfttWMi, HiE^Jl i:|Bl*ICLT, 

[oii3] ^(Drnmamn, m&&m7tm mt=^< 

A'h) (r*fi-5^^-^f?AW&^r* x is J; t/ VP h/ 
■fcLtzt^Z, ^tl^'tUx 5 . 5®T-%*5«tl>*2 9/ 7 



ffiR^S^-T-fco/c ££>(C, 16kOe©W^fP 

ad lts83£ Ltzmmm± 21. 5 M w b / g , 

(±12 4. lkA/mt'fcofc, 

[01 14] 6 » mmm 1 l/c=»^/u h 

7i7-f htf 10g^2 0 0 g©*|;iiLfc, z\co 

mmm^. 0. 0 0 7 2 s^ivnmWiJ v v y ^atstk 

ifiSrSSflnL-CffffllL, 2 0»W«fliLfc, 0. 
0 2 1 7 8 ^/KOTk^t^- hy^A^l 0g CDTKfCjgfl? 
LfczMSfifc SrSsAll L 2 0 #|H]»# L/c 0 
[0115] fWli, 1 i: LT, -i y 

V y -7A-^W^-3/VWhatt^*^^ML/c 0 

[0116] :©ittt9*o, J1#^«tc* 

itc-CSlL/cffci: hW^ajt^^TtX^tcJ; 
SLfc^C^, ^"ixtl5. 6JJjf^-%:JoJ;t>-2 8/7 

tfRtt<OSft'fcofc 0 $^(C, 1 6 k O e 

ap ltsijs Ltzmmitn 21. 9 M w b / g , 

(±12 0. 2 k A/mT'foo/c 0 

[0117] «iij&fe0ij 7 » mmm 1 t-s-j* l/c k 

7i7^ hfif 10glr2 0 0 gCi*lcI)SLfc o HJfi 
#|1 iZ&tf Sffim-V"? }) ^ATsTKlfeO. 0 0 7 2 6^ 
tliT, y ^.AATk&SrO. 00 5 0 8* 

/K ffiSK -7 by ? At^tK^S: 0 . 0 0 2 1 8 *=;vh L 

/c^.^f±nj£0i| 1 <t mmz lt< -y-^ y — r ^fp 

[0 1 18] 31#^Mt£* (g^ir^y^; 

<t ?)fflfeLfct r. -5, ttl*:tltl3 . 8m^f-%. 1. 6 
*d±I>*2 8/7 2/ST-i:bT-foo/c 0 ^/cSuffia 

1 5 nmC0^7!;^ffin#C60&T--e$3o/c 0 $ 
(C N 1 6 k O e (DMRZEflto ltsij^: L/c«S?PMft;(± 2 
1. 5^Wb/ g> WM12 4. 9kA/m-T?fco 

/Co 

[01 19] «Hi£0IJ8» *JS0tJ 1 ^C4o^^T. 3/^1. f. 
7i7^ hiKC^-a-^(CfflV>5^^=iy^/P h ATk^tCS 
^« (III) ^LTk^Offiffli^-etl^O. 18 2* 

1 . 211 */kc, ^/c. ikmt-r b y ^^©^1 

*^4. OO^WCfifcWil, KJg^iJ 1 <>; P)«|(C L 

h*iT-^t#/c 0 

[0120] r©3/^b7i7^hgl L 10g5r20 
0. 0 0 7 2 6*/KDfift^-f-^ y ^ATNTk&SrgsAnLT 

^«?l; 2 o»F»ifflf ifc 0. 0 2 1 7 s* 

/Wfc&ik-r M^A^lOg CQ7K(c^?L/c7k^5r 
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[0121] ^(wm&mM'p nw»&m7cm mt=> 

^Lfcirr^>, ^Wntl5. 6JStT-%, &J;T>*1 3/ 
8 7^J:tT*fcofc 0 £ fc * COfe^tt^ ^jSigSim^- 
SitttlH Lfcil6> 8H="»M XjJS 1 8 n m(Om.4k 
75S**R^CO^Tfcofc 0 £fb(C, 16kOe»lI 
£EpAP LTfflij5t LfclS?P*{t*a 2 1. 0^Wb/g,S 
^731412 0. 2kA/mffoofc 0 

[0122] «nj£#ij 9 » mmm 1 -r-s-^ Ljt => /^n 

7i7^hS^10g5r200g Lfc„ -<75 

iSil;, 0. 0 0 2 2 3'=E-/K£>58SHJ"<5' y ^AT^Tkife 
*aS*PL-C»#L, 2 0ftfflmWLtz o £<b(£, 0. 0 

0 6 7±/l-<D7j<.mik-f hU^A^lOg cOTKtC^ILfc 
*«e»«:«S*P L 2 0 ftfflmW Lfc„ 

[0 1 2 3] ^#14^(4, 3£*fe0!ll tlH«(CLT, -y-e 

[0 12 4] r»flltt*&5few, M##«7C* (tti:=«^ 

^Lfci:r5. tti^ixixl. 7 2 9 / 7 

it-CtSil L7c t C feT-tM Xri* 1 5 n mW^i^Ti^ 

JO LTSiJ^ L-timmikli 2 2. 7„Wb/ g> ««S^3 
B102. 7kA/mt*fcofc 0 
[0125] «SOi0iJ 10)) HSfefJiJ 1 (Cjol^T, 

h irflS^w^Apifipl etc LT> *®Kb-7- h y 
yA©iJ)Dt^ 3 . 7 6t/*t)5. 64*/HC^I 

L, d^oTk^a^ftS-2 8 0t-C , 4a#f||cfx:5r £ 
tC <fc 19 , ftz^-y-^r X3 5 n mCD |>7i7-f hfe^- 

«rft*[Ufc. 

[0 12 6] Hfifetfijl t|^«{C x :©n/VWh7x7^ 
[0 12 7] il^STn* 

a-H) ic^t-T^-y-v y r7A©-g-#l:, fcit/^/vwh/ 

1 il/2 8/7 2 H^JfC*) o 7c 0 * fc SfJfSSS 

X# 3 5 n m©»«75Mt»Rtt©ttt^t?fcofc 0 $ P> 
fc, 1 6 k O e C0mi^SfRWPLTffliJ^Lfcfi&fPMf3: 2 
2. 4 ju Wb/g , <*^77i4 1 0 4 . 2kA/mffco 



7c 0 

[0128] «Jt«£0>J 1 » 1 Kfel^-C-frfifc Lit =2 

Ii*<, Hffiffl 1 <t 1^ C*#T**Pj$ftit7C U ^ibtege 

[0 12 9] ro»-=^VH»«itt»*S:aiflSfl^K 

LtfcD. *©eWXt2 0nm§Si^0. 3 » 
mm&£X\ j£V^$5H(-5>*LT^fc 0 16k 
O e WB£#£EP*P LTffliJ^ LfclSfDflJtffcfi 2 4. 4 M W 
b/g, {£$£73(4 9. 5kA/mtfcofc 0 
[0 13 0] «Jt««»j2» *JS0>J8[Cj3^-C-a-^Lfc3 
^F7i7^ hSW-Srffll^T, %±«7C*^gsAp-f-.5 

[0131] r©tt-3^VUHK1*fi&*S:SjaS*^» 
Lfc £ r. ^ , *4^(±0^ P>*»{C«l6tt In «t 0 

miatS-C, J£v*5ffl^^LTvyt„ 16k 

0 e eo«#*:Pp*n LTffliJ^ Lfcft|P«fktt 2 3. 9 M W 
b/g, i%^73tt7. 2kA/mT*fcofc„ 

[0132] ((^ffi^ij 1 1 » ^Jfe^iJ 1 iCfc^T. =is<;U 

©3/^^7x7^ he^Srllfc. ;©3^F7x7 
-f MiT-Cfi^75(p](D7^^ £143 0 nmffeofc, 
[0 1 3 3 ] HJfe^iJl irlWJ^lc, ;©n/</K-7x7^ 
Mi^lOg^f^i^T, -y-^y >7ASsiipSS:llffi 

[0 13 4] 31#^JStc* (^i:^^^ 

6 JS^%*S iO*2 7/7 3 J^T-tt-C-fe o fc 0 * ^ffiGflt 

X3 0 nm©t«»St|R«©^t*feofc 0 £ btc, 

1 6 k O e coa^^^P Ltit Lfcfia?P^{C(4 2 1 . 
1 MWb/g, ftiyjlil 6 3. lkA/mt'fcot, 

[0135] (emmm 1 2 » mmm 1 (cfcv^-r , ^^^/w 
h7x7^ bn^f&mcD^Mmm^^^x , mm 
b tmmmtsxuykmit-h b y ^A(D^p*f4i^ 

CtcL-C, $ blCfrXfr^m b y ^^yu^r3 0 m 1 gsAP 
L, Tj^oAf^Ma^f^Sr 2 2 0°C-C4B#p B l7^ib 2 6 0 

ffiFIMW;<D="</i>b7~7<i bm.f-&mc 0 r 
<7^ a ></u K!7 1 7 -Y > tJt^WS ^ 77 [pK^TC^ $(44 5 n 
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[0 1 3 6] MM&H t^it, Z(D3;<;Uh7 

mi tanmizL, ^otoic^twn tmm^ 

tz 0 

[oi3 7] rcoett^co, m&&m,7tm (mt="< 

3 Jg^-%io iI/2 8/7 2 J^Jt-eifc o fc„ * 7t fluted 

1 6 k O e (DMRfrmu LTffliJ^ L/ctg^fkfi 2 1 . 
9/iWb/g, feiMl53. 6 k A/mT-fcofc 
[0138] ((ktmm 3 )) HJfctfiJ 1 1 td*3 V ^T-g-^c L-fc 

n?£^p^-<5 - i: & < . 1 1 m c&ftxDmmTt 
[oi3 9] ^(Dm-^^^hmvkffiM&mmmm^m 

^£75*£^--yMXfc 3 0 nmgl^f,0. 2^ 
mSjtit\ fi^ffiilcMLTV^c £ib[C, 16k 
OeC9^^Pn*PLTiiJ^Lyc«SfP^k[±2 4. 0/iW 
b/g, MM4 6. 2kA/mt*fcofc 0 
[0140] {(ttmm 4 » HifctfiJ 1 2 tC joV Ltz 
^VvF?!^ f>t£^£fflv^T, #±^7E*Sr^D-r 

[0 14 1] w^-a^^uUKttJ&jfeSrJSigli^S 

LTJJ!), ^WS^t^XfcSOnmSI^^O. 5// 
mglit, j£v^iatc:^LTV^c 0 £«b(c\ 16k 

o e <Dmw^M Lti^ Ltztmtmikn 25. s M w 

b/g, ftWtt2 6. 3 k A/m-Cfcofc, 

[0142] mmm 1 3 » mmm 1 1 tMLfc3/< 

hftL^-l 0g5r2 00 g co*(c|g® L7c 0 
z\<Dmffi'<&^, 0. 00 2 2 3^©iif?U^AA 

0 . 0 0 6 6 9 ^w<£>7kg${t;-7- hy-7-A^iOg ©tM- 

Lfc7K?^f«?r^D L2 0 Lfc 0 
[0 14 3] -tftKWMi, *^J1 iridic LT % -tf"^ 
9 -7^*1*- ^VL- hatt|&5fe^ftML^ 0 

[0144] z(DmmxM<D, m^m^m mt=>;< 

/tL-fct ^5. -ett^tttil . 6J^^-%*3J;0?2 7/7 

FWcofe/. FT*£>ofc 0 £ ibic, 1 6 k O e <75g£#£PPJP 
LT$iJ^Lrc£&¥P$;ffcfi2 2. 1/zWb/g, {£B£7lf± 



13 8. 5kA/mfJ)ofc„ 

[0145] «5lte#'J 1 4 )> *J£tf<J 1 1 T-g-fiJt Lfc ^ 
^h7x7^ hSt^-1 0 g£2 0 0 g<D7kl:liLfc„ 
3<£>!!R7§f&IC\ 0. 0 11 8*;W«tv|J >7AA7R 
&£8sAPLT)§8?U 2 0#R.1JS#L7c o £fb(C N 0. 
0 3 5 4 *:Jl<<D7kmik-f hU^A^lO gOO^KtC^IL 
7ctK^^^D L 2 0 ftmWtW Ltz a 

[0146] -^tu^M*. nsfe^j 1 1 mmc lt> -y-^ 

[0 14 7] Z©aW*0O, ^X^xm^tzM^ 

(4 , Ztl^fixH 9 . 3 JfgT-%fc il/2 7/7 3 m^ttLX* 

Xto^tz 0 ££>iC, 1 6 k O e rog£#£l=P;!jQL-CffiijS£L 
fcl&fD^fl:i±2 1 . 0/iWb/g, M^IJl 74. 2 
k A/mT*fcofc 0 

[0148] mmm is) ^js^j 1 1 x&f& ut 

^h7i7^ hif&^l 0g5r2 0 0 g <D7klzmffl^tc 0 
'(DWMmc^ 0. 0 0 8 8 1 tyuciS^t^^A 

0 . 0 2 6 4 3 ^^(Dfomik-f hy^A^lOg WtMc 
igfl? L SKSP L20 Lfc 0 

[0149] -tixJEt^tt, mmmi tmrniz^x, 

[0150] rrolttte©, «7fex^T-if-<fcJS#^ 

£s£L£^s<^ b/WiXik\^tzWib ^;<^V<D^m.it 
tt. ^rtl^-'tin 7 . 0 =tt/ 2 7/7 3 m^ttX 

-tfcofci^ 1 6 k O e co^#^r^PLTSiJ^L 

tzmnmtte 2 1 . 9 M Wb/ gl ftl*lil65. 2 
k A/mT-£>ofc 0 

[0151] mmm i6» ms^j 1 1 x&rft, i,tz=is< 

jvy-7?L=7 4 hlu^-1 0g^2 0 0 g COTkiC^® Lfco 
lOHSl:, 0. 0 0 2 2 3^KO«i^ti/7AA 

0 . 0 0 6 6 9 ^/\y(Dy^m\t-f- h^AJlOg 

LtzTkmmzmn l 2 0 Lfc 0 

[0152] ^rttW^-fi, *J5S<?'J 1 t mffilz LT, ^^)" 
[0 15 3] ^7tX^Tp-<?til^# 

14, 1 . 9 JJfW^/ofc it/2 8/7 2 J^iPit-e 

^t-fX3 0 n m <DmwnmiiPim<Dm.ir 

Xh^tz 0 ZhK. 1 6 kOe<D^SrPpjPLTPJ^L 
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tzmmm* 2 2 . o„wb/ gl 36. 1 

k A/mt'fcot, 

[0154] «3U£#J 1 7 )) JlifctfiJ 1 1 XSlti Lfca'< 
/lx h7i7^f hftH 1 1 0 g £ 2 0 0 g<£>7k.icgji§ Lfc c 
-O^^ljiSlr, 0. 0 0 4 3 4 */KD5BgK S> H y <> 
AjWatrSSflgL-CMKU 2 05>r B TO#Lfc o 
0. 0 1 3 0 2*/KOMftt h y 1 0 g©*|: 

jgfi? L^*«K«:Kttl L 2 0 &mm# Ltz a 

[0 15 5] sus^ii trnmcLx. << y 

V 'J HBM4»5|5*«5»Lfc.. 

[0 15 6] :©IttWo« ^xlft-cw^fca^^ 

it f* , ^tl-^ntt 3 . 5 d^%*3 ir/2 7/7 3 Jl^^-tb 

Lfc^PHk(i2 1. 6^Wb/ gl MM15 2. 
0 k A/mT'fcofc 

[0157] 1 8» mmm 1 1 -c-a-^ L7t=^ 

/^7i7-f h^L^F-1 0g^2 0 0 gtf>7Mc«gly§L;t 0 
z\<DBMi&iC, 0. 0 1 1 8 ^./KOffllfM' 5/ h y 

0. 0 3 5 4^/WC07k^ft-7- h y 1 0 g <7)tK(C^ 

m Ltzfrmmzmm l 2 0 #ra*wi u/c„ 

[0158] -taxjUfl-tt, *JS0<l 1 t mm\c Lt, f s/ 

[0 15 9] 1£#Xi»T?WI'<fca#& 
it fi » J&n-PtbtL 9 • 4 Jl^ %*S «fc t>' 2 6 / 7 4 JiR^-it 

T*fc o tc 0 * tzmmmmm^mmmm^-mmmxmm 

fco 1 6 kOe©^fcP|WnLTfflj£Ufcfifn 

lft;ii2 1. O^Wb/g, M7Jl±l 6 7. 9 k A/ 
mt'fcofc, 

[0160] mmm 1 9 » mmm 1 1 Lt^^ 

/^7i7-f bWl 0 g£2 0 0 g WTkicSg® Lfco 
0. 00 5 08©tBKtv!)i7AA7Ki 

ho. 0 0 2 1 8 ■=e/KZ>S8S£'f y h V ^A7^7K*SSr^*0 

Lt^iL, 2 0^r^#Lfc o ^f>(C, 0. 02 17 
8 ^^(DiKmt-t h y ?i»£r 1 0 g WTKlcjgft? LfcTkig 
y«£gsflP L 2 0 #Pfl«M$ Lfc c 
[0161] ^rtU^fi, tIBWHCL-C, f-v 

y ^A-^f s/ h y h«*fet&5fcSrff» 

[0162] co^ttg)*^. £%xtft-cM'<ft:m& 
«tc^ (ttt=>-</wh) t^^-r-5-y-^y ^> ^ y h y 

h<D^mtii, ZtlZ'tltl 3 . 9^%, 1. 7J^-T 



%, fcJ:0 ! 2 7/7 3I^itTfcofc 0 *fclKrieflM4*& 

0 nm©^^5gfflR^<Ofti^--C*foofc 0 $<blC, 16 
k O e <7?6£#£PP;JJD LTit LfcfiSfrttfttt 2 1. 6 a 
Wb/g , ^Tlii 1 7 5 . lkA/mt'fcofc. 

[0163] «51S6#J 20)) USE^iJ 1 (C*3V ^X . => ^/U 

irffi^ (III) ;M<i£o{£ffl*£^;ft.-ejxo. 182 
1.2 1 1*/KC, Sfc, Tk^ffc-*- h y 7AOffi 

fflft*4. oo^h;sl, $ ^ic^jfe^ji i tmm 
^^(iHJg^i tmmz^x, «RM©3^h7i 

[o 1 6 4] mmmi tmmic^ roa^h?!^ 
0iji tBitu A^^nmcDgifthmMm i tmmc 

[0 16 5] il#4feJR7c^ mt="< 

jvv) (cSfj-rs-y-^ y <?A<D-^Wft, *j«ti>*=>^/w h/ 

7JS : 3 L %*i«ttJ«l 3/8 7WC^ifC*>ofc 0 *7bBflfSa 
X3 5 nm©Stt7iSIP3«©^t*foofc 0 $ 

1 6 k o e (Dm^-^m Lxmis. Ltzmnm.m± 2 1 . 

UWb/g, «^IJ156. 8kA/mf$)of; 0 

[0166] mmm 2 1 » nt&^j 1 i^i^t, 

Srffiffl-Br-f , mmm (III) 7L7k^<7)ffiffli^ 
1 . 3 9 3 *rMc^m LfcW^-tt, ^Jfi^J 1 i: [5)^tc L 

[0 16 7] ^JS^Jl kmmiZ, Z.(n-*-y*%?4 hfeT- 

1 0 gzmnizm^^x, tvy ^^^jpft^ms^ji t 
[0168] m®&m7tm m) izn 

ofc 0 $^>tC, 1 6 k O e <DMR&mULXmfeLtzm 
fp^{tf4 2 0. 2 A(Wb/g, «5^77(±8 3. 6 k A/ 

[0 16 9] «Hi6^j2 2)> HJgCTl (C*JV>T, ffl&=> 
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. 0 7 5 ix m) 



[0 1 7 6] 



ifeftf 1 ^^* (tt^t'TX: 0. 
IMb^* m^^f X : 0 . 

A-*^7'^ (feWX: 0 

(tt-S0 3 Nal: 0. 7X10"tWg) 

(#*- S0 3 N aS : 1 . 0X10-*Si/g) 
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8 035 
135 

. 535 
6 535 



(20) 



»2 002-56518 



mmm 1 -ejsiiftuyt^ v ^A^ta-^^ k^*^* iooa 

(»BA: 125. 7 k A/ m> ggfP^fh: : 2 1 . 6nWb/ gl 
fi^t^X : 1 5 nm, Et^Bf^ : ftDt^MffiPW) 

(tf-S0 3 NaI: O. 7X10-"Wg) 

^y^*^* y vuf^mm 43s 

(M-S0 3 Nai: 1. OX10-"Si/g) 
a-7;u;t (tH^t^fX : 0. 4^m) 10 35 

X — tfls-fvy? KWX: lOOnm) 1. 5 35 

?y^fvi i. 535 

^ fvUnifvU"}'- H V 1 3 335 

h/^V l 0 0 35 



[0 1 7 7] 



<m&m&tit& (2) > 

[0 17 8] ±IEOTife9jlffl!feWS:, #tM»ttX8f{*:-C 
fo^,7}f D^^-u^y^uy^ u— Vy-isvj* (i 0 5t, 

3 0 #©3MR»*a*lfc3Grfcl"e 0 . 8%, fi|*(6]-C0. 6 
0. 13^mi45i3tfi^|nll:0. 3T©1M 

[0 17 9] oiTtc, rro#NBH**«r<*©T»5Jii3J: 

— h oir/Un — ^. 

tf?y yuf^mm (SOjNaMt) 

[0 18 1] lOiJCLt^tljU^-h*. 5l£# 
W'Vy tt&K 7 0°C, 14 7k N/m) -CglSftM 

IU rtL?r->- h 3T(C#V>7t;|fcflg-C6 0°C, 4 0% 
RHT4 8Nffflx— 7y^Uc„ 3. 8inmi|>gtC 

iiL, rtiSr 1 0 0m/#-?jfefT£-t£&j4Sfb, $£t£JI 
«E£-tT7 5 yffcj— )V mWm%.+ 1 5 0%. %tt 
tt#3 0° ) "CfflBgLT, I$12 5m©ISf-7"^ 

[0182] «HJg0iJ 2 4 » fgjR *j J: u > y&mk 

[0183] «|U£#U 25)) RttHsit;* 
CDg£t£/f 0. 0 8 u miC^3ELfcW^-«, HJS 
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LTHJ60IJ i i <D-y~* y ? ="^A- H8£ 

vtrnM mmti ■. 1 6 3. 1 k A/ m , iafp«ft : 2 

1 . l^Wb/g, St^-y-r X : 3 0 n %L^FMW; : 
2Ufe0t|2 3 tRillLT^ T&0JB±K«tt«4- 
[0185] «HJ£0iJ 27)) 3g%0)j 2 6 (CjoV>T> ftttk 
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[01 86] mmm 2 8» mmm 2 6 ic*ji^t, n.m 
m^Litsma. mm®\2 6 tmm^Lx, mn^-y 
[0187] mmm 2 9» 2 3 ic*ji^t, ^tt 

-n^/UH»tt»5fe 124. 9kA/m^ 

%affi.it : 2 1 . 5 a* Wb/g , *l^-t>--rX : 1 5 n m, 
tt-WIMK : «fc|fc;5S«Pm) Srffiffl-TS t ir tic, Kijlft 

*3<tt>** \^>-ytim&<Dffi.i±m<Dm£&o . h^i; 
icffiti-mzMis, zh^^v? =t-vmzwtj&-rz>^ 

klz£<Qffi^-7Zi / fmLtz < , 

[0188] mmm 3 o» mmm 2 3 ic^^t, ssh* 

L-TJH»*il 2 2 <D^ y * A£^tt«ttt&* (iS 
BS^ : 1 1 7. 8 k A/m, g&fPBHfc : 1 9. 5 y Wb 
/ g . fe^lM X : 3 0 n m. : *fcR75S«R 

^ttliwff^SrO. l 3 m ra|:$MLfcMli, Hi&tfiJ 

2 3 tmmicLx, rm'om±izffii!jim&tet$,L, $h 

lzs<y?=i- MWt5r tlz£*)ffin ; r-7°Zi / f 

[0189] 3D) mmm 2 3 mas^x. km 
texxfxu^yt&m&coffiiiiimcDm&tfo . n^mt 

&5 «fc 5 l-Wi#El*IftHffl«rtT*»5cv^l6* L, ft& L/c 
*»Jl 5t|5ltlcLT, aSf-7'*^l!L 

[0190] m^mmm2 3^hmmm3 ot*ii, *^ 

m<Dffi^mmt. mkR^.mwwsDj&vi* Lx^^tz 
[0191] ((^jfe^j 32» mmm 2 3 i^^t. $tm 

ioXTfX \s>y&Wk<nffi>&m(r>WZft 0 . 1 7^mt 
&5 «t 9 (cSiS^fafco. 3 7 <Dffim-%:WM\^Wh>m. 

[0192] EP*>HJ£#ij2 3a»62SJfc0IJ3 OT'li, 



[0193] cjtMfto 3)> Tmym&i&mi-zztte 

< . Hffi^J 2 6 t?tgffl Lttroi D!l-otlti|Ef («tt 

16 3. 1 k A/m s iSftift : 2 1 . l(iWb/ g> 
*MHMX : 3 0 nm, : *y£75SWR:tK) & 

[0194] itmm 5 » «stt^»^{i*j »t 5«tti9 

*iLt ( IW©Fe-Co^iiW* (Co/F 
e : 2 4. 611%, i&ffits : 1 8 9. 4 k A/m, fig 
I PBSffc : 18. 3/zWb/g, : 1 5 0 n 

Wit: 5) SrftfflU ^ofpfci&Jo Jp.Tf*> U-V^&yg 
«©filtte©ff$*S0. 5 0 m mtftS <£ 5 (C^jELfc 

[0195] « 6 » $tmts x \s > y&mm © 

^■ttacff^SrO. 3 5 MmlC^ELfcJ^fi, JttC^ 
[0196] «J:t!i$:0iJ 7 )) ^^1*3 XTfrt U> V^mfe <D 

ffii^mnm-^^o . 2o^mdiLfc^i±, JtesCT 
[0197] «jttfc0ij8» mmm&i$ft\z*srt zmm* 

9. 5 k A/m, mfaffilt : 2 4 . 4^Wb/g, 
-•MX: 2 0~3 0 0 nm) Srffiffl *»o$£«|*3j; t>* 

^ u>y<uim&cDffii±m<om 1 . 1 ^ mir^s «t 5 
[0198] «j:b$5?0>j 9 )) ffi&mi&f&ftiztsft hmam 

4 6. 2 k A/m, ta?P«fb : 2 4 . OjiWb/g, 6 
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[0199] «Jt«« 1 0)> BtttlfeA^tCjSttSBStt 
LT, t«©Fe-CoM»t* (Co/F 
e : 2 4. 6li%, iRMtl : 1 8 9. 4 kA/m, IS 
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$^o. 5 8 ^mlCftSi ;53^p!i]|C0. 3TO 
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